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THE first edition of Carnegie Pocket Companion appeared 
in 1872 and was issued by Carnegie, Kloman & Company, Pro- 
prietors, Union Iron Mills, Pittsburgh, Pa. 

Inmiediately on its appearance this book became indispensable 
to users of structural iron. More than any other single publication 
this book and its successive editions have served to advance the 
interests of standardization in structural practice. Since July 1896, 
238, 686 copies have gone into the hands of engineers, architects and 
builders. 

So far as practicable each successive edition has been placed 
abreast of the most approved methods in structural design. Each 
successive edition, therefore, records the stages of development in 
the manufacture of structural steel and its fabrication into bridges, 
buildings, cars and ships. 

This edition differs from the nineteenth in the revision of the 
specifications for materials to conform to the latest standards of 
the American Society for Testing Materials and more especially in 
the revision of dimensions, weights and properties of ship building 
channels and bulb angles, to conform to the action taken by 
American steel makers in the conference on ship steel held in 
Philadelphia, November 19th, 1918. 

The sections illustrated in the profiles and tables are those 
deemed most suitable for use in bridge, building, locomotive, car 
and ship construction. A complete list of all the sections rolled by 
Carnegie Steel Company, together with tables of weights and other 
data in regard to these products, is given in Shape Book. 
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STANDARD SPECIFICATIONS 

FOB 

STRUCTURAL STEEL FOR BRIDGES 

Serial Designation: A7-16. 

These specifications are issued imder the fixed designation A 7; the 
final number indicates the year of original adoption as standard or. in the 
case of revision, the year of last revision. 

Adopted. 1901; Revised. 1905. 1909. 1913. 1914. 1915. 1916. 

Note Adopted June 26, 1918 

In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This eball be effective during the period of the war and 
until otherwise ordered by the Society. 

1. Steel Castings. The Standard Specifications for Steel Castings 
(Serial Designation A-27) adopted by the American Society for 
Testing Materials shall govern the purchase of steel castings for 
bridges. Unless otherwise specified, Class B castings, medium 
grade, shall be used. 

I. MANUPAOTURB 

2. ProecM. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical CompMition. The steel shall conform to the following 
requirements as to chemical composition: 

Stbuctubal Stbbl Ritbt Stbbl 

(Add not over 0.06 per cent not over 0.04 per cent 



Phosphoru8|^^^ „ .. ^^ ^^ 



•« *• 



Sulphur " •• 0.06 " .046 
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4. Ladle Analyies. An analysis of each melt of steel shall be made 
by t e manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements ^>ecified 
in sec. 3. 

5. Check Analyiei. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that ^>ecified in 
sec. 3 by more than 25 per cent. 



in. PHYSICAL PROPERTIES AND TESTS 

6. Tension Testa, (a) The material shall conform to the follow- 
ing requirements as to tensile properties: 



Pn^^ertieB Comndered 


Structural 
Steel 


Rivet 
Steel 


Tonsdle strength lb. 

Yield point, niin lb. 

Blongation in 8 inches, min . . 
SlonKation in 2 inches, min . . 


per sq. inch 
per sq. inch 
. . . per cent 
- - . ner cent 


55,00O-65,000a 

0.5 tens. str. 

. 1.500.0006 

tens. str. 

22 


46,000-66,000 

0.5 tens. str. 
1.600.000 
tens. str. 







a See par. (6). 



bSeesec.?. 



(6) In order to meet the required minimum tensile strength of 
f ullH3ize annealed eye bars, the purchaser may determine the tensile 
strength to be obtained in specimen tests, the range shall not 
exceed 14,000 lb. per sq. inch and the maximum shall not exceed 
74,000 lb. per sq. inch. The material shall conform to the 
requirements as to physical properties other than that of tensile 
strength, specified in sec. 6, 7 and 8 (&). 

(c) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Motfiflcations in Elongation, (a) For structural steel over % 
inch in thickness, a deduction of 1 from the percentage of elongation 
in 8 inches specified in sec. 6 (a) shall be made for each increase 
of }4 inch in thickness above % inch to a minimum of 18 per cent. 

(6) For structural steel under %6 inch in thickness, a deduc- 
tion of 2.5 from the percentage of elongation in 8 inches specified 
in SQQ. 6 (a) shall be made for each decrease of M.6 inch in thickness 
below %6 inch. 
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8. Bend Testa, (a) The test specimen for plates, shapes and 
bars, except as specified in par. (6), (c) and (d), shall bend cold 
through 180 degrees without cracking on the outside of the bent 
portion, as follows: For material ^ inch or under in thickness, flat 
on itself; for material over Ji inch to and including IJi inch in 
thickness, around a pin the diameter of which is equal to the 
thickness of the specimen; and for material over 1 J^ inch in thickness, 
around a pin the diameter of which is equal to twice the thickness of 
the specimen. 

(6) The test specimen for eye-bar flats shall bend cold through 
180 degrees without cracking on the outside of the bent portion 
as follows: For material ^ inch or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen; 
for material over ^ inch to and including 13<^ inch in thickness, 
around a pin the diameter of which is equal to twice the thickness 
of the specimen; and for material over \\i inch in thickness, 
around a pin the diameter of which is equal to three times the 
thickness of the specimen. 



-About 8--. ^/ ^P§»lleUectLqn.npt_1.^8.«l%P.?l^ *Alxmtr»% 
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FiaxjRB 1. 

(c) The test specimen for pins, rollers and other bars, when 
prepared as specified in sec. 9 (e), shall bend cold through 180 
degrees around a 1-inch pin without cracking on the outside of the 
bent portion. 

(d) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 

9. Ttst Spedmene. (a) Tension-and bend-test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (b). 

(&) Tension-and bend-test specimens for pins and rollers shall 
be taken from the finished bars, after annealing when annealing 
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(c) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (d), (e) and (/), shall be of the full 
thickness of material as rolled. They may be machined to the 
form and dimensions shown in fig. 1, or with both edges parallel; 
except that bend-test specimens for eye-bar fiats may have three 
rolled sides. 



{ I 

V 2* Gage length ---> 

NOTE: — TlM save length, nanllel portione and fillets shall be as shown, but 
the ends may be of any form which will fit the holders of the 
testing machine. 

Figure 2. 

(d) Tension-and bend-test specimens for plates, and tension- 
test specimens for eye-bar flats, over 1 J^ inch in thickness may be 
machined to a thickness or diameter of at least ^ inch for a length 
of at least 9 inches. 

(c) Tension-test specimens for pins, rollers and bars (except 
eye-bar fiats) over 1 J^ inch in thickness or diameter may conform 
to the dimensions shown in fig. 2. In this case the ends shall be 
of a form to fit the holders of the testing machine in such a way 
that the load shall be axial. Bend-test . specimens may be 1 by 
J/^ inch in section. The axis of the specimen shall be located at 
any point midway between the center and surface and shall be 
parallel to the axis of the bar. 

(f) Tension-and bend-test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 

10. Number of Tests, (a) One tension-and one bend test shall 
.be made from each melt; except that if material from one melt 
differs % inch or more in thickness, one tension-and one bend test 
shall be made from both Ihe thickest and the thinnest material 
rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the f'^ '»*"''** 
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8b lliBiTiBti (a) The test specimeii for plates, shapes and 
baiBy except as specified in par. (&), (c) and ((f), shaD bcoid cold 
thrau^ ISO degrees without cracking on the outside oi the bent 
portion, as follows: For material ^i inch or under in thickness, fiat 
on itself; for material orer ^ inch to and including 1}^ inch in 
thickness, around a pin the diameter <^ which is equal to the 
thickness of the specimen; and for material otct 1 }^ inch in thickness, 
around a pin the diameter of which is equal to twice the thiclmess of 
the specimen. 

(6) The test specimen for eye4>ar flats shall bend cold through 
180 degrees without cracking on the outside <^ the bent portion 
as follows: For material H inch or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen; 
for material over 3X inch to and including l^i inch in thickness, 
around a pin the diameter oi which is equal to twice the thickness 
of the specimen; and for material oyo* l}i inch in thickness, 
around a pin the diameter of which is equal to three times the 
thickness of the specimen. 



FrauRB 1. 

(c) The test specimen for pins, rollers and other bars, when 
prepared as specified in sec. 9 (e), shall bend cold through 180 
degrees around a 14nch pin without cracking on the outside of the 
bent portion. 

{d) The test specimen for rivet sted shall bend cold through 
ISO degrees flat on itself without cracking on the outside of the 
bent portion. 

0. T^Mt SpmImm. (a) Tension-and bend-test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls» exin^pt as specified in par. ^,6). 

(b) Teusion-and bend>test specimens for pins and it^kis ritfJl 
bt^ taken from the finished bars, after %nni>^ling when an ne a lin g 
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(c) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (d), (e) and (f), shall be of the full 
thickness of material as rolled. They may be machined to the 
form and dimensions shown in fig. 1, or with both edges parallel; 
except that bend-test specimens for eye-bar flats may have three 
rolled sides. 



Vf 2'Gage length ---> 

NOTE: — Th« save length, iiarallel portions and fillets ahall be as ahown, but 
the ends may be of any form which will fit the holders of the 
testing machine. 

Figure 2. 

(d) Tension-and bend-test specimens for plates, and tension- 
test specimens for eye-bar flats, over 1 J^ inch in thickness may be 
machined to a thickness or diameter of at least ^ inch for a length 
of at least 9 inches. 

{e) Tension-test specimens for pins, rollers and bars (except 
eye-bar flats) over 1 ^ inch in thickness or diameter may conform 
to the dimensions shown in fig. 2. In this case the ends shall be 
of a form to fit the holders of the testing machine in such a way 
that the load shall be axial. Bend-test . specimens may be 1 by 
}/^ inch in section. The axis of the specimen shall be located at 
any point midway between the center and surface and shall be 
parallel to the axis of the bar. 

(f) Tension-and bend-test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 

10. Number of Tests, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs % inch or more in thickness, one tension-and one bend test 
shall be made from both Ihe thickest and the thinnest material 
rolled. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
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analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

15. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

16. Behearinff. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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TABLE n.— PERMISSIBLE OVEKWEIGHTS OP PLATES 
ORDERED TO THICKNESS 


Oidmd 


m BqniBi Pdot of Puna fob Wtubr Gnxn, 


IFlulor 




Min. 
72 iD. 


Tain. 
84 in. 


Min. 


BBiB. 


lOSin. 
120 in. 


120 in. 


min. 




.S 

i 


1 

6 
4* 

i: 


10 
3.C 


1 

4.E 


8 

L 


1 

L 


1 

e 


1 
1 


f 


«. to H " 

«,to k' ;; 

%•*"> J4 " 






V. FINISH 

12. Ftotah. The finished material shall be free from injurioua 
defects and shall have a workmanlike finish. 

VI. MARKING 

melt number ahall be legibly stamped or rollod on all finished 
material, except that rivet and lattice bars and other smaO sections 

for identification.- The identiiicalion marks shall be legibiy stamped 
on the end of each pin and roller. The melt number shall be 

VII. INSPECTION AND REJECTION 

14, lupecUod. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 

works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy liitii tliat the material is being furnished in 
accordaoce with these specifications. All tests (except cheek 
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analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

15. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

16. Bcheariiiff. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. 8. A. 

AFFIUATSD WITH THS 

International Association fob Testing Materials 



STANDARD SPECIFICATIONS 

FOB 

STRUCTURAL STEEL FOR BUILDINGS 

Serial Designation: A9-16. 

These speciflcatioss are Issued under the fixed designation A 9; the 
final number indicates the year of original adoption as standard or. In the 
case of revision, the year of last revision. 

Adoptsd. 1901; Rbvisbd, 1009, 1913, 1914, 1916. 

'NoTB Adoptsd Junb 26, 1918. 

In view of the abnormal difficulty in obtdning materiala in time of war, the rejecti(m limits 
for Suli^ur in all steels and for Phoq^orus in acid steels shall be raised 0.01 per cent aboKre the 
▼alaes e^ven in these Spedfications. This shall be effective during the period cf the war and 
until oftherwiae ordered by the Society. 

m 

I. manufacture 

1. ProceM. (a) Structural steel, except as noted in par. (6), 
may be made by the bessemer-or the open-hearth process. 

(6) Rivet steel, and steel for plates or angles over % inch in 
thickness which are to be punched, shall be made by the open- 
hearth process. 

n. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Struotural Stbbl Riybt Stbbl 

JBessemer. . . not over 0.10 per cent 

^^**^^®'^lOpen-hearth " " 0.06 " " not over 0.06 per cent 

Sulphur 0.046 " *• 

_ 
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3. Ladle AwlywHi. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 2. 

4. Cheek Analyaes. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 2 by more than 25 per cent. 



III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Teste, (a) The material shall conform to 
following requirements as to tensile properties: 



the 



Properties Cooaidered 


Straotunl Steel 


Rivet Steel 


Tensile strength lb. per sq. inch 

Yield point, min lb. per sq. inch 

Elongation in 8 inches, min per cent 

Elongation in 2 inches, min per cent 


56,000-65.000 

0.5 tens. str. 

1.400.000a 

tens. str. 

22 


46,000-56,000 

0.5 tens. str. 
1.400.000 
tens. str. 



a See see. 6. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. Modifications in Elongation, (a) For structural steel over % 
inch in thickness, a deduction of 1 from the percentage of elongation 
in 8 inches specified in sec. 5 (a) shall be made for each increase 
of }4 inch in thickness above ^ inch to a minimum of 18 per cent. 

(&) For structural steel under %6 inch in thickness, a deduction 
of 2.5 from the percentage of elongation in 8 inches specified in 
sec. 5 (a) shall be made for each decrease of M.e inch in thickness 
below %6 inch. 

7. Bend Tests, (a) The test specimen for plates, shapes and 
bars, except as specified in par. (6) and (c), shall bend cold through 
180 degrees without cracking on the outside of the bent portion, 
as follows: For material ^ inch or under in thickness, flat on 
itself; for material over % inch to and including 1^ inch in thick- 
ness, around a pin the diameter of which is equal to the thickness 
of the specimen; and for material over 1^ inch in thickness, around 

12 
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a pin the diameter of which is equal to twice the thickness of the 
specimen. 

(6) The test specimen' for pins, rollers and other bars, when 
prepared as specified in sec. 8 (e), shall bend cold through 180 
degrees around a 1-inch pin without cracking on the outside of the 
bent portion. 

(c) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 

8. Test Spedmena. (a) Tension-and bend-test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (6). 

(&) Tension-and bend-test specimens for pins and rollers shall 
be taken from the finished bars, after annealing when annealing 
is specified. 



-About 8— <i 



. ^JParallel section not less than 9'' 

3i r *i 
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About 18"- 

Figure 1. 
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(c) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (d), (e) and (/), shall be of the full 
thickness of material aa rolled; and may be machined to the form 
and dimensions shown in fig. 1, or with both edges parallel. 

(d) Tension-and bend-test specimens for plates over IJ^ inch 
in thickness may be machined to a thickness or diameter of at least 
5i inch for a length of at least 9 inches. 

(e) Tension-test specimens for pins, rollers and bars over IJ^ 
inch in thickness or diameter may conform to the dimensions 
shown in fig. 2. In this case the ends shall be of a form to fit the 
holders of the testing machine in such a way that the load shall be 
axial. Bend-test specimens may be 1 by J^ inch in section. The 
axis of the specimens shall be located at any point midway between 
the center and surface and shall be parallel to the axis of the bar. 
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(/) Tension-and bend-test specimens for rivet steel shall be 
of the full-size section of bars as rolled. 

0. NamlMr of Teats, (a) One tension-and one bend test shall be 
made from each melt; except that if material from one melt differs 
% inch or more in thickness, one tension-and one bend test shall be 
made from both the thickest and the thinnest material rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is more than ^ inch from the center of the gage length of a 2-inch 
specimen or is outside the middle third of the gage length of an 
8-inch specimen, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 




i< 2* Gage length >i 



NOTE:— The sace length, parallel portions and fillets shall be aa shown, but 
the ends may be of any form which will fit the holders of the 
testing machine. 

FlQURB 2. 



IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 

10. Ptennissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be covered 
by the following permissible variations. One cubic inch of rolled 
steel is assumed to weigh 0.2S33 pound. 

(a) When Ordered to Weight per Square Foot: — 

* The weight of each lot^ in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 

^Tbe term "lot** applied to Table I meaiM all of the plates of each group width and group weight. 
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4.55 
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S 

«.6 

3.5 S 


B 

5.6 

4.6 
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a 

3 
3 

3 
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ty fmm tho wlEred wdght 



(6) Whttt Ordered to TblrkBH»: — 

The thickness of each plate shall not vary more than 0.01 inch 

under that ordered. 
The overweight of each lot^ in each ahipment shall not exceed the 

amount pven in Table 11. 
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V. FINISH 

11. Flnlth. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MAREING 

12. Marlring. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 

Vn. INSPECTION AND REJECTION 

13. iBspectioii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of 
the works. 

14 R^Jcetioii. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(&) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected and the 
manufacturer shall be notified. 

15. Behearinff. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 



I 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A 

t 

AFriLIATBD WITH THB 

International Association fob Testing Materials 



STANDARD SPECIFICATIONS 

FOB 

STRUCTUBAL STEEL FOR LOCOMOTIVES 

I 

Serial Designation: A 10- 16. 

These speciflcatiQiis are issued under the fixed designation A 10; the 
final number indicates the year of original adoption as standard or. In the 
case of revision, the year of last revision. 

Adopted, 1912; Rbvisbd. 1913, 1914, 1916. 

KoTB Adoptbd Junb 26, 1918. 

In view of tiie abnonnal difficulty in obtumng materials in time of war, the rejection limits 
f otr Sulphur in all steels and for Fhoephorus in acid steels shall be raised 0.01 per cent above the 
yahies given in these Specifications. This shall be effective during the period of the war and 
until othenrise ordered by the Society. 

1. Haterlal Covered. These specifications apply to shapes, plates 
(esvept boiler and firebox plates) and bars over ^ inch in thickness. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Phosphorus not over 0.06 per cent 

Sulphur , •♦ •• 0.05 " 

4. Ladl« Analyses. An analysis of each melt of steel shall be made 
by the maniifacturer to determine the percentages of carbon, 
in0jiganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
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composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 3. 

5. Cheek Analyiei. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall conform to the requirements 
specified in sec. 3. 

III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Testa, (a) The material shall conform to the 
following requirements as to tensile properties: 

Tensile strength lb. per sq. inch 55.000-65.000 

Yield point, min lb. per sq. inch 0.5 tens. str. 

Elongation in 8 inches, min per cent 1'500,000 

si Bee. 7. ^ tens. str. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over % inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 6 (a) shall be made for each increase of H ii^ch in 
thickness above % inch, to a minimum of 18 per cent. 

(&) For material under %6 inch in thickness, a deduction of 
2.5 from the percentage of elomgation in 8 inches specified in sec. 
6 (a) shall be made for each decrease of He inch in thickness below 
%6 inch. 

8. Bend Tests. The test specimen shall bend cold through 180 
degrees without cracking on the outside of the bent portion, as 
follows: For material % inch or under in thickness, flat on itself; 
for material over % inch to and including l\i inch in thickness, 
around a pin the diameter of which is equal to the thickness of 
the specimen; and for material over 1}^ inch in thickness, around 
a pin the diameter of which is equal to twice the thickness of the 
specimen. 

9. Test SpeelMeBs. (a) Tension-and bend-test specimens shall 
be taken from the finished rolled material. 

(&) Tension-and bend-test specimens, except as specified in 
par. (c), shall be of the full thickness of material as rolled; and may 
be machined to the form and dimensions shown in fig. 1, or with 
both edges parallel. 
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(c) Tension-and bend-test specimens for plates and bars over 
1 % inch in thickness or diameter may be machined to a thickness 
or diameter of at least % inch for a length of at least 9 inches. 

10. Number of Teats, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs ^ inch or over in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars less than 
}/^ sq. inch in section, need not be subjected to a tension test. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
ii^ outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 



V ^Parallel section not less than 9'' 
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Figure 1. 



IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 
11. PermiMible Variationfl. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified, except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound. 

(a) When Ordered to Weigrht per Square Foot: — 

I 

The weight of each lot^ in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 

iTbe tenn 'lot" applied to Table I means all of the plates of each group width and group wdght. 

19 



CARNEQIB STEEl, COMPANY 




Htyn^ — The woght per aQuin foot of indrndoftj plala iboJl Dot raty fnin thtt ordcnd Wfuht 
by man) tbu m, lima tbe udduhi eivcd in thii taUe. 

(6) When Ordend to Thickncui — 

Tbe thicknesa of each plute shall not vary more than 0.01 inch 

under that ordered. 

The overweight of each lot^ in each ghipment shall not exceed 

the amount given iu Table 11. 
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STANDARD SPECIFICATIONS 



V. FINISH 

12. Finish. The finished material shall be free from injuriouB 
defects and shall have a workmanlike finish. 

VI. MARKING 

13. HuUbs. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that small sections shall, when loaded for shipment,. 
be properly separated and marked for identification. The melt 
number shall be legibly marked, by stamping, if practicable, oa 
each test specimen. 

• 

Vn. INSPECTION AND RBJECTION 

14. Inspecttoii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason-^ 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con<^ 
ducted as not to interfere unnecessarily with the operation of the 
works. 

15. Rfljeetton. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

16. Rehearinff. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re-^ 
hearing within that time. 



21 



CARNBQIB STBEL COMPANY 



AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 
AFFXLXATBD WITH THB 

Intbrnational Association fob Testing Matebialb 



STANDARD SPECIFICATIONS 

FOB • 

STRUCTURAL STEEL FOR CARS 

Serial Designation: All-16. 

These spedflcaUons are issued under the fixed designation A 11; the 
final number indicates the year of original adoption as standard or, in the 
case of revision, the year of last revision. 

Adoptbd, 1014; Rbvisbd, 1016. 

NoTB Adopted Jund 26, 1018. 

In view of the abnonnal difficulty in obtaining materiale in time of war, the rejection limiti 
toe Sulphur in all steels and for Phoflpborus in acid steels shall be raised 0.01 per cent above the 
values g^ven in these Specifications. This shall be effective during the period of the war and 
untU otherwise ordered by the Society. 

1. Haterial Covered. These specifications apply to shapes, plates 
and bars over }4 inch in thickness. 

I. MANUFACTURE 

2. Prows. The steel shall be made by the open-hearth process. 

II. OHBMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following j 
requirements as to chemical composition: 

Structural Stbbl and 
Plates for Cold Pressing Rxvbt Stbbl 

f Add not over 0.06 por cent not over 0.04 per cent 

08P orufl jgj^^ .. .. Q^ .. .. .. .. g 04 .. .. 

Sulphur •' •• 0.06 •• *• " " 0.046" " 
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4. Lidte AnalyBM. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 



in sec. 3. 



5. Cheek AnalyBM. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 3 by more than 25 per cent. 



in. PHYSICAL PROPERTIES AND TESTS 

6. TeiuioB Tests, (a) The material shall conform to the 
following requirements as to tensile properties: 



Fropertaes Comdered 


Structural 
Steel 


Rivet 
Steel 


Plates for 
Cold Pressing 


Tensile strength lb. per sq. inch 

Yield point, mih . . .lb. per sq. inch 
Elongation in 8 in., min., per cent^ 


50,000-65,000 

0.5 tens. str. 
1.500.000 
tens. str. 


45,000-60,000 

0.5 f4ms. str. 
1,500.000 
tens. str. 


48,000-58.000 

0.5 tens. str. 
1,500.000 
tens. str. 



1 See sec. 7. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over % inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 6 (a) shall be made for each increase of 3^ inch in 
thickness above % inch, to a minimum of 18 per cent. 

(6) For material under %6 inch in thickness, a deduction of 
2.5 from the percentage of elongation in 8 inched specified in sec. 
6 (a) shall be made for each decrease of ^.e inch in thickness below 
%6 inch. 

8. Bend Tests, (a) The test specimen for structural steel shall 
bend cold through 180 degrees without cracking on the outside of the 
bent portion, as follows : For material ^ inch or under in thickness, 
flat on itself; for material over % inch to and including 1 }^ inch in 
thickness, around a pin the diameter of which is equal to the 
thickness of the specimen; and for material over 1 Ji inch in thick- 
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ness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(6) The test specimen for rivet steel and plates for cold 
pressing shall bend cold through 180 degrees fiat on itself without 
cracking on the outside of the bent portion. 

9. Test Specimens, (a) Tension-and bend-test specimens shall 
be taken from the finished rolled material. 

(6) Tension-and bend-test specimens, except as specified in 
par. (c)f shall be of the full thickness of material as rolled; and 
may be machined to the form and dimensions shown in fig. 1, or 
with both edges parallel. 

(c) Tension-and bend-test specimens for plates and bars over 
IK ii^ch in thickness or diameter may be machined to a thickness 
or diameter of at least ^ inch for a length of at least 9 inches. 

10. Number of Tests, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs % inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars, except 
rivet rods, less than }^ sq. inch in section, need not be subjected 
to a tension test. 



il 
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Figure 1. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 
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iv, pebmisaible variations in weight and thickness. 
11. Ferminibii VariaUou. The cross-seotion or weight of each 
piece ot steel shall not vary more than 2.5 per ceot from that 
specified; except in the case of ehcared plates, wbicli shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel ia aasiuaed to weigh 0.2833 pound. 

(a) When Ordered to WeUht per SqBsrc Foot : — 
The weight of each lot"- in each shipment shall not vary from tbo 
weight ordered more than the timount given in Table I. 



TABLE I 


—PERMISSIBLE 


VARIATIONS 


OF PLATES 








ORDERED TO WEIGHT 












EipmaaiD m PiBiraBTiaiH Qf Ohdbmd Weiobts 




































































ail 


eid. 


Bid. 


Hd. 


«d. 


B«L 








ll 


ii 


5 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


J 


1 




H 


ill 


i 




L 










































51 


13 


7 




« 


3 


































































































































































































































^\2 


2 p 


■J 








U.5 


2 a.6 








d.b 




i 


J 



NoTt— Thn iraght po 



in foot of individusl platf 



(6) When Ordered to Thlekneu.-- 



3 than 0.01 inch 



le overweight of each lot' in each shipment shall not exceed the 
amount given in Table II. 
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TABLE 


II 


— PBRMiaaiBLE UVERWEIGHTS 


OF PLATES 


CM<i»d 


ElraisBro m PKnciNTtata or Hotamu Wmo™ 


Incbs 
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12. Flaiili. The finished material shall be free from injiuioua 
rlefects and shall have a, workmanlike finish. 

VI. MARKING 

13. Mariring. The name or brand of the manufacturer and the 
melt number ehall be legibly rolled or elampcd on all finlBhed 
material, except that rivet bars and other small scctionB shall, when 
loaded for shipment, be properly separated and marked for identi- 
fication. The melt number shall be legibly marked, by Htamping, 
if practicable, on each test specimen. 

VU. INSPEOTION AND BBJEOTION 

14. lupMtiini. The inspector representing the purchaser shall 
have free entry, at all limes while work on the contract of the 
purchaser is being performed, tO' all part.s of the manufacturer's 
works which concern the manufacture of the material ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the material ia being furnished in accord- 
ance with these specifications. ;\ll testa (except check analyseB) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be bo conducted 
as not to interfere unnecessarily with the operalion of the works. 



STANDARD SPECIFICATIONS 



15. Bejeedon. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

16. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AFFILIATED WITH THB 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

FOR 

STRUCTURAL STEEL FOR SHIPS 

Serial Designation: A 12-1 6. 

These specifications are issued under the fixed designation A 12; the 
final number indicates the year of original adoption as standard or, in the 
case of revision, the year of last revision. 

Adoptbd, 1901; Bbvibbd, 1909, 1913, 1914, 1916. 

NoTB Adopted June 26, 1918. 

In view ci the abnormal difficulty in obtaining materials in time of war, the rejection limite 
lor Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 

I. MANUFACTURE 

1. ProeeM. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Compotition. The steel shall conform to the following 
requirements as to chemical composition: 

_^ , rAcId not over 0.06 per cent 

PhoBphorus<„ ^ 

\Basic •• " 0,04 



<< 4> 



Sulphur " " 0.05 " " 

3. Ladle Analyse!. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 2. 
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< 4. Cheek ABa]jrM0. Analyses may be made by the purchaser from 
finished material Representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
see. 2. by more than 25 per cent. 

III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Tetts. (a) The material shall conform to the 
following requirements as to tensile properties: 

TensUe strength lb. per sq. inch 58,000-68,000 

Yield point, min lb. per sq. inch 0.5 tens. str. 



Blongation in 8 inches, min per cent 



1,500.000 



See sec. 6. ^^- str. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 
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Figure 1. 

6. Modificatioiu in Elongation, (a) For material over % inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 5 (a) shall be made for each increase of K inch 
in tiiickness above J^ inch, to a minimum of 18 per cent. 

(Jb) For material J^ inch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of 
the specimen. 

7. Bend Tests. The test specimen shall bend cold through 180 
degrees without cracking on the outside of the bent portion, as 
follows: For material Ji inch or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen ; 
for material over % inch to and including IJ^ inch in thickness, 
around a pin the diameter of which is equal to 1 }^ times the thick- 
ness of the specimen; and for material over 1 Ji inch in thickness, 
around a pin tfie diameter of which is equal to twice the thickness 
of the specimen. . 
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V. FINISH 

11. Finish. The finished material shall be free from injurioiiB 
defects and shall have a workmanlike finish. 



VI. MARKING 

12. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material. The melt number shall be legibly stamped on each test 
specimen. 

VII. INSPECTION AND REJECTION 

13. bspeetion. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost^ all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

14. Bejectioii. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(&) Material which shows injurious defects subsequent to itB 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. Reheariiiff. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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V. FINISH 

11. Finish. The finished material shall be free from ilijurioUB 
defects and shall have a workmanlike finish. 



VI. MARKING 

12. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material. The melt number shall be legibly stamped on each test 
specimen. 

VII. INSPECTION AND REJECTION 

13. bspeetion. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

14. Bejectioii. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. RehMuriiiff. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. 8. A. 
AFFILIATED WITH THE 

International Association for Testing Materials* 



STANDARD SPECIFICATIONS 

FOR 

RIVET STEEL FOR SHIPS 

Serial Designation: A 13- 14. 

These specifications are issued under the fixed designation A 13; the 
UniLi nnmhipsr indicates the year of original adoption as standard or, in the 
case of reiislon, the year of last revision. 

Adopted, 1901; Beyised. 1909, 1913, 1914. 

Note Adopted June 26, 1918. 

In view of Hie abnormal difficulty in obtuning materials in time of war, the rejection limits 
tot Su^hur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in iheae Specifications. This shall be effective during the period of the war and 
until othervrise ordered by the Society. 

A, Requirements for Rolled Bars. 

I. MANUFACTURE 

1. Proeeas. The steel shall be made by the open-hearth process. 

n. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall conform to the follow- 
ing requirements as to chemical composition: 

^^ ^ [Acid not over 0.06 per cent 

Phosphorus;^ „ , .... 

\Basic ♦• " 0.04 



<i It 



Sulphur •* ♦' 0.045 



<i •< 



3. Ladle AnalTMs. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
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testa •)£ "he roiled bats :"rr>ni Trhica "he nrws •ct c 3iMie afamlT fi^ 
fumiahed tor eacii -Oi, :£ nvets. 



17. Tk^HKlkMb H The zest o eni fica tc reqioEed in ace. 16 
not be fumiaked, 'he rivets saail roiuorai :o :iuB rcc|iiimneiilB as 
to tensile properties 5pe«:ined La s«ca. 5 and ^ except tiiat tibe 
elons^tion shall be measured )D. x 2B«r lemsih as> ^rear as the 
length of the riveia rested -^viil permit. 

IS. BmATmta. The rivet soajok scail bend .?oki tfarough 180 
degrees flat on. itseif, as shown in 5^ 1, -^itnom craddii^ on the 
outside of the bent portiodo. 





Figure 1. Fig c as Z 



19. F latfcwi— 'ftata- The rivet head shall fiatten, while hot, to a 

diameter 23^ times the diameter of the shank, as shown in fig. 2, 
without crackiiig at the edgesv 



20. NndbvofTdta. ^a) When required in accordance with 
Hec. IT, one tension test shall be made from each aze in each lot 
of rivets offered for inspection. 

(b) Three bend-and three flattening tests shall be made from 
<*iw.h size in each lot of rivets offered for inspection, each of which 
!*hall conform to the requirements specified. 

II. WORKMANSHIP AND FINISH 

21. Wortamuwlria, The rivets shall be true to form, concentric, 
}ind Hhall be made in a workmanlike manner. 

'i2. Wirtrt. Tlio fini8h<*d riv^-ts shall be free from injurioua 

\M6 
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TV. PERMISSIBLE VARIATIONS IN GAGE 

10. Peniiisaible Variatioiis. The gage of bars 1 inch or under in 
diameter shall not vary more than 0.01 inch from that specified; 
the gage bars over 1 inch to and including 2 inches in diameter 
shall not vary more than %4 inch under nor more than %2 inch over 
that specified. 

V. FINISH 

11. Finish. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 



VI. MARKING 

12. Blarldiiff. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inspectioii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

14. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. Reheariii«r. Samples tested in accordance with sec. 4, which 
represent rejected bars, shall *be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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B. Requiretnenis far Rivets. 

I. PHYSICAL PROPERTIES AND TESTS 

10. Tmi CeftUkate of RolMBus. A copy of the results of tension 
tests of the n>lloii bars from which the rivets were made shall be 
f urnishiHl for each lot of rivets. 

17, lyHMionTwta, If the test certificate required in sec. 16 can- 
not be furnishiHi« the rivets shall conform to the requirements as 
to tensile pri>|H>rties sjHHHfied in sees. 5 and 6, except that the 
elonitation shall l>o measured on a gage length as great as the 
length of the rivets te^iteil will permit. 

IS, BMMlT^te. The ri\^t shank shall bend cold through 180 
degriH's tlat on itsi^lf^ as shown in fig. 1, without cracking on the 
outside i^ the l>ent |Hvrtion. 





I 

I 

IV> rkl%Mit«« TVMik The riwt he*d *hall tiaiien, while hot, to a 
; dmmeler "J^S ^u^^t>«» <he dUmeter \\f the ^h^wK. as shown in fig. 2, 
without er«^ekii^(jL al the ^sl^Nit 

^V NiiiM#f^tVM» v**^ Wheu t^s\u\TVN\ in aetordance with 
i »e\\ IT» oue te^\»UM\ \^^** jiUhU Iv wade tVwx '^a<'h siie in each lot 
' <rf ri\*v<«» oWtH^xl twi^ u\^^^s^^^v^\^ 

V^^ Thr^^ Wuvl ^^vl th^^v t^aM\v^\HA tv^t* jj^Hall be made from 
eaeh sa^e in \>aeU K^l wf u\eu \v|\^\^>s< ^^^ \v\T()w;KNn. each of which 
shall eiM^form tvv the iv\\M^vu\e^>u n^ss^t^^s^ 

31. Wm^hmmmII^ Vhe VA\v\« ^KaU Uv n^^^ ^>^ t\vr«^. ci^neentric, 
and shall be n^ade \w a v^v^vl^wa^lsKv usa^^^'A^ 

23. naliftk The l\uMd\>sl vuv** <^'\\\ '^^"^ ttc^m injurious 

»{eUvts. 
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Oarbon 

Manganese. 



I 



Flangb 




FiBBBOX 


per cent 


0.12-K).25 per cent 


0.30-0.60 •• 


tt 


0.30-0.60 " •• 


over 0.05 *' 


** 


not over 0.04 ** ** 


" 0.04 " 


<4 


" " 0.035" " 


•• 0.05 " 
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Phosphorus^ _ , 

tBasic ' 

Stilphur * 

4. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of the elements 
specified in sec. 3. This analysis shall be made' from a test ingot 
taken during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representa- 
tive, and shall conform to the requirements specified in sec. 3. 

5. Cheek Analyses. An analysis may be made by the purchaser 
from a broken tension-test specimen representing each plate as rolled. 
The chemical composition thus determined shall conform to the 
requirements specified in sec. 3. 

ni. PHYSICAL iPROPERTIES AND TESTS 



6. Tension Tests, (a) The material shall conform to the 
following requirements as to tensile properties: 

Flange Fibebox 

Tensile strength lb. per sq. inch 55,000-65,000 52,000-62,000 

Yield point, min lb. per sq. inch 0.5 tens. str. 0.5 tens. str. 

Bloneation in 8 inches, mhi ... per cent 1.500.000 1,5 00.000 

^o^..^ T tens. str. tens. str. 

bee sec. 7. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over ^ inch in 
thickness, a deduction of 0.5 from the percentages of elongation 
specified in sec. 6 (a) shall be made for each increase of H inch in 
thickness above % inch. 

(6) For material Ji inch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of 
the specimen. 

8. Bend Tests, (a) The test specimen shall bend cold through 
180 degrees without cracking on the outside of the bent portion, 
as follows: For material 1 inch or under in thickness, around 
a pin the diameter of which is equal to the thickness of the 
specimen; and for material over 1 inch in thickness, around a 
pin the diameter of which is equal to twice the thickness of the 
specimen. 
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B. Requirements for Rivets. 

I. PHYSICAL PROPERTIES AND TESTS 

16. Test Certificate of Rolled Bars. A copy of the results of tension 
tests of the rolled bars from which the rivets were made shall be 
furnished for each lot of rivets. 

17. Tension Tests, If the test certificate required in sec. 16 can- 
not be furnished, the rivets shall conform to the requirements as 
to tensile properties specified in sees. 5 and 6, except that the 
elongation shall be measured on a gage length as great as the 
length of the rivets tested will permit. 

18. Bend Tests. The rivet shank shall bend cold through 180 
degrees fiat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. 




Figure 1. 




Figure 2. 



19. Flattening Tests. The rivet head shall flatten, while hot, to a 
diameter 2}/^ times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 

20. Namber of Tests, (a) When required in accordance with 
sec. 17, one tension test shall be made from each size in each lot 
of rivets offered for inspection. 

(6) Three bend-and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 



II. WORKMANSHIP AND FINISH 

21. Workmanshiit. The rivets shall be true to form, concentric, 
and shall be made in a workmanlike manner. 

22. Finish. The finished rivets shall be free from injurioua 

defects. 
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in. INSPECTION AND REJECTION 

23. Inspectioii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the rivets ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the rivets are being furnished in accord- 
ance with these specifications. All tests and inspection shall be 
made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 

24. Bcieetion. Rivets which show injurious defects subsequent 
to their acceptance at the manufacturer's works will be rejected, 
and the manufacturer shall be notified. 



37 



CARNEGIE STEEL COMPANY 



composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 2. 

4. Cheek Analyses. Analyses may be made by the purchaser from 
finished bars representing each melt. The phosphorus and sulphur 
content thus determined shall not exceed that specified in sec. 2 by 
more than 25 per cent. 

ni. PHYSICAL PROPERTIES AND TESTS 

5. Tension Tests, (a) The bars shall conform to the f^ilowin^ 
requirements as to tensile properties: 

Tensile strengtli lb. per sq. inch 55.000-65,000 

Yield point, min lb. per sq. inch 0.5 tens. str. 

Elongation in 8 inches, min per cent 1.500.000 

See sec. 6. ^*®^* ^^^* 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. Modifications in Elongation. For bars over ^ inch in diameter, 
a deduction of 1 from the percentage of elongation specified in 
sec. 5 (a) shall be made for each increase of J^ inch in diameter 
above J^ inch. 

7. Bend Tests. The test specimen shall bend cold through 180 
degrees flat on itself without cracking on the outside of the bent 
portion. 

8. Test Specimens. Tension-and bend-test specimens shall be of 
the full-size section of bars as rolled. 

9. Nnmber of Tests, (a) Two tension-and two bend tests shall 
be made from each melt, each of which shall conform to the require- 
ments specified; except that if bars from one melt differ ^4 inch or 
more in diameter, one tension-and one bend test shall be made from 
both the greatest and the least diameters rolled. 

(6) If any test specimen develops flaws, it may bo discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 
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TV. PERMISSIBLE VARIATIONS IN OAGE 

10. Permindble Variations. The gage of bars 1 inch or under in 
diameter shall not vary more than 0.01 inch from that specified; 
the gage bars over 1 inch to and including 2 inches in diameter 
shall not vary more than %4 inch under nor more than %2 inch over 
that specified. 

V. FINISH 

11. Finish. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 



VI. MARKING 

12. Marking. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

14. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected bars, shall'be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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B. Requirements for Rivets. 

I. PHYSICAL PROPERTIES AND TESTS 

16. Test Certificate of Rolled Bars. A COpy of the results of tension 
tests of the rolled bars from which the rivets were made shall be 
furnished for each lot of rivets. 

17. Tension Tests, If the test certificate required in sec. 16 can- 
not be furnished, the rivets shall conform to the requirements as 
to tensile properties specified in sees. 5 and 6, except that the 
elongation shall be measured on a gage length as great as the 
length of the rivets tested will permit. 

18. Bend Tests. The rivet shank shall bend cold through 180 
degrees fiat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. 




Figure 1. 




Figure 2. 



19. Flattening Tests. The rivet head shall flatten, while hot, to a 
diameter 23^ times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 

20. Namber of Tests, (a) When required in accordance with 
sec. 17, one tension test shall be made from each size in each lot 
of rivets offered for inspection. 

(6) Three bend-and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 



II. WORKMANSHIP AND FINISH 

21. Workmanshiit. The rivets shall be true to form, concentric, 
and shall be made in a workmanlike manner. 

22. Finish. The finished rivets shall be free from injurious 

(lofects. 
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m. INSPECTION AND REJECTION 

InspectloiL The inspector representing the purchaser shall 
:ree entry, at all times while work on the contract of the 
iser is being performed, to all parts of the manufacturer's 
which concern the manufacture of the rivets ordered. The 
acturer shall afford the inspector, free of cost, all reasonable 
es to satisfy him that the rivets are being furnished in accord- 
\rith these specifications. All tests and inspection shall be 
at the place of manufacture prior to shipment, unless other- 
)ecified, and shall be so conducted as not to interfere unneces- 
with the operation of the works. 

Rcjeetion. Rivets which show injurious defects subsequent 
r acceptance at the manufacturer's works will be rejected, 
3 manufacturer shall be notified. 



37 



CARNEQIE STEEL COMPANY 



AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THB 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

FOR 

BOILER AND FIREBOX STEEL 

FOR 
LOCOMOTIVES 

Serial Designation: A30-18. 

These specifications are issued under the fixed designation A 30; the 
final number indicates the year of original adoption as standard or, in the 
case of revision, the year of last revision. 

Adopted. 1901; Revised, 1909, 1912. 1913, 1914, 1916, 1918. 

1. Material Covered. These specifications cover two grades of 
steel for boilers for locomotives, namely 

Flange 

AND 

Firebox 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

n. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Compoaition. The steol shall conform to the following 
requirements as to chemical composition: 
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F1.ANOB FiBXBOX 

Oarbon per cent 0.12-0.25 per cent 

Manganese 0.30-0.60 " '* 0.30<0.60 



<t <« 



pj^^ fAcid not over 0.05 " ** not over 0.04 " " 

nogpnonis^g^^ " •• o.04 " •• " " 0.035 " " 

Sulphur " •• 0.05 " " " " 0.04:" " 

4. ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of the elements 
q)ecified in sec. 3. This analysis shall be made' from a test ingot 
tak^i during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representa- 
tive, and shall conform to the requirements specified in sec. 3. 

5. Cheek Analyses. An analysis may be made by the purchaser 
from a broken tension-test specimen representing each plate as rolled. 
The chemical composition thus determined shall conform to the 
requirements specified in sec. 3. 

ni. PHYSICAL iPROPERTIES AND TESTS 

6. Toialon Tests, (a) The material shall conform to the 
following requirements as to tensile properties: 

Flange Firebox 

Tensile strength lb. per sq. inch 55.000-65,000 52,000-62,000 

TIeld point, min lb. per sq. inch 0.5 tens. str. 0.5 tens. str. 

Elongation In 8 inches, min ... per cent 1 .SOO^MO l,50q,wg 

fi*« <uw> 7 tens. str. tfens. str. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over ^ inch in 
thickness, a deduction of 0.5 from the percentages of elongation 
specified in sec. 6 (a) shall be made for each increase of }4 inch in 
thickness above % inch. 

(6) For material Ji inch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of 
the specimen. 

8. Bend Tests, (a) The test specimen shall bend cold through 
180 degrees without cracking on the outside of the bent portion, 
as follows: For material 1 inch or under in thickness, around 
a pin the diameter of which is equal to the thickness of the 
specimen; and for material over 1 inch in thickness, around a 
pin the diameter of which is equal to twice the thickness of the 
specimen. 
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^fhttll M **YffammM *iuf nfie Un^Jiuf of n&e 9Ram» anil caTOies deta 
mMM, ^ |ys«»4c^. imu^ Wmi^ used if aecesHicy.. 
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i. , AboatlS" ' 

Tjgjtre 1. 

^0. fmi Mpmimim§0 in) TcfiKioO'test specimms shall be tafke 
\tiii^\Ui*\Um\\^ irmn ih« Utiiom of the finished rolled material, an 
imwU^^^tii f^iHU'.Utwm hUaU Ikj taken transversely from the middle < 
iUt* Ut^f tif i\m iUilnhad rolled material. The longitudinal tei 
tl\m^iimhtt Mhttll Im inUtm in the direction of the longitudinal ax 
Mf I 1h< Ini^iH-, mid ih« tmrmvcrso test specimens at right angles 
(liMl' »JiiN, 

(/O 'iVtiNtntt-ntHl txind toHl specimens shall be of the full thickne 
nf lllHli^flid rt« r(illo<l, and shall be machined to the form ai 
illmiMlwluim whnwn in l\\i. 1; except that bend-test specimens m; 
ItM iiiholiltmil with hoUi odgoB parallel. 

1 1 » Numti^r «f IVntii. (a) One tension-, and one bend test ah: 
Ih« \s\\^\\\^ fhtin t^n.^)) pUto an rolled. 

yh) If ilhy <oi*t HpiM'linon mIiows defective machining or develo 
f)t^)S% H »M«y bo \llm'«.rt?od and another specimen substituted. 
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(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
BCiibe scratches marked on the specimen before testing, a retest 
shall be allowed. 



IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 

12. FttmiMible VariatioiM. When Ordered to Thickness: — 

The thickness of each plate shall not vary jnore than 0.01 inch 
under that ordered. 

The overweight of each lot^ in each shipment shall not exceed the 
amount given in Table I. One cubic inch of rolled steel is assumed 
to weigh 0.2833 pound. 

TABLE I.— PERMISSIBLE OVERWEIGHTS OP PLATES 

ORDERED TO THICKNESS 







PEBlOSfilBLE EXCBSS IN AVERAOB WeIGHTB 








PKB 


Square Foot of Plates for Widths Given, 








ExpaBsasD in Percicntaobs of Nominal Weiqhtb 




Ordered 














ThickneBB, 




















IncbeB 




48 in. 


60 in. 


72 in. 


84 in. 


96 in. 


108 in. 


120 in. 






Under 


to 


to 


to 


to 


to 


to 


to 


132 in. 




48 in. 


60 in. 


72 in. 


84 in. 


96 in. 


108 in. 


120 in. 


132 in. 


or 






excl. 


excl. 


excl. 


excl. 


excl. 


excl. 


excl. 


over 


Under }i 


9 


10 


12 


14 




• k > > 




• • • • 
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8 


9 


10 
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> • • • 


• • • • 


• • • • 


%oto Ji •'.... 


7 


8 


9 


10 
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• • • • 


.... 
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6 


7 


8 


9 


10 


i2 


14 


16 


19 


%6tO ^ " ... . 


5 


6 


7 


8 


9 


10 


12 


14 


17 


fg to %e " . . . . 


4.5 


5 


6 


7 


8 


9 


10 


12 


15 
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4 


4.5 


5 


6 


7 


8 


9 


10 


13 


Hto H " . . . . 


3.5 


4 


4.5 


5 


6 


7 


8 


9 


11 


Hto H ••.... 


3 


3.5 


4 


4.5 


5 


6 


7 


8 


9 


Hto 1 •'.... 


2.5 


3 


3.5 


4 


4.5 


5 


6 


7 


8 


1 or over 


2.5 


2.5 


3 


3.5 


4 


4.5 5 


6 


7 



V. FINISH 

13. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 



VI. MARKING 



14. Marking, (a) The name or brand of the manufacturer, melt 
or slab number, grade, and lowest tensile strength for its grade 
specified m sec. 6 (a), shall be legibly stamped on each plate. 



^llietenn 'lot" wi^ed to Table I means ail of the plates of each group width and group thickness. 
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The melt or slab number shall be legibly stamped on each test 
specimen. 

(6) When specified on the order, plates shall be match-marked |:^| 
as defined in paragraph (c) so that the test specimens representing 
them may be identified. When more than one plate is sheared from 
a single slab or ingot, each shall be match-marked so that they may 
all be identified with the test specimens representing them. 

(c) Each match mark shall consist of two over-lapping circles 
each not less than 1}/^ inches in diameter, placed upon the shear lines, 
and made by separate impressions of a single-circle steel die. 

I 

(d) Match-marked coupons shall match with the sheets 
represented and only those which match properly shall be accepted. 

VII. INSPECTION AND REJECTION 

15. Inapeetion. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the pur- 
chaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of 
the works. 

16. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer mav make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. 8. A. 

▲FFIUATSD WITH THS 

Intbbnational Association for Testing Materials 



STANDARD SPECIFICATIONS 

roR 

BOILER 
RIVET STEEL 

Serial Designation: A 31-14. 

*be8e spedflcations are issued under the fixed designation A 31; the 
lumber indicates the year of original adoption as standard or, in the 
»f revision, the year of last revision. 

Adoptsd, 1901; Rbyisbd, 1900. 1912. 1913, 1914. 

A. Requirements for Rolled Bars. 

I. MANUFACTURE 
Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

I. Chemical Composition. The steel shall conform to the following 
lirements as to chemical composition: 

Manganese 0.30-0.50 per cent 

Phosphorus not over 0.04 " 

Sulphur •• " 0.045 



II 
ti (I 



i. Ladle Analyses. An analysis of each melt of steel shall be made 

the manufacturer to determine the percentages of carbon, 

iganese, phosphorus and sulphur. This analysis shall be made 

1 a test ingot taken during the pouring of the melt. The chemical 
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compositioQ thus determined shall be reported to the purchaser or' 
his representatire, and ahall conform to the requirements specified 
in sec. 2. 

4. Chatk JMlfin Analyses may be made by the purchaser from 
finished bars representing each melt. The chemical composition 
thus determined shall conform to the requirements specified in sec. 2. 

ni. PHYSICAL PBOPERTCES AND TESTS 



o 



5. TcMMB Testa, (a) The bars shall conform to the following 
requirements as to tensile properties: 

Tensile streDgth ttk p«r aq. inch 45,0QO-o5.000 

Yield point, min lb. p^* aq. inch O^ tens. str. 

EIoDgatioa in 8 inches, min per coit 1>500.000 

txxt need not exceed 30 per cent. tens. str. 

(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. BoMl Tests, (a) Cold-bend Tests. — The test specimen shall 
bend cold through 180 degrees flat on itself without cracking on 
the outside of the bent portion. 

(6) Quench-bend Tests. — The test specimen, when heated to 
a light cherry red as seen in the dark (not less than 1200 ^^ F.) and 
quenched at once in water the temperature of which is between 80 
and 90® F., shall bend through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 

7. Test Speeimens. Tension-and bend-test specimens shall be of 
the fullnsize section of bars as rolled. 

8. Namber of Tests, (a) Two tension-, two cold-bend-, and two 
quench-bend tests shall be made from each melt, each of which 
shall conform to the requirements specified. 

(&) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest, 
shall be allowed. 



IV. PERMISSIBLE VARIATIONS IN GAGE 

9. Permissible Variations. The gage of each bar shall not yairl 
wore than 0.01 inch from that Bpec\ft.ed. 
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V. WORKMANSHIP AND FINISH 

10. WorkBuuMliip. The finished bars shall be circular within 
0.01 inch. 

11. Finiili. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKIlfJG 

12. Marking. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inapeetton. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

14. Bejeetton. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. Rehearhis. Samples tested in accordance with sec. 4, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 

B. Requirements for Rivets. 

I. PHYSICAL PROPERTIES AND TESTS 

16. .Tension Tests. The rivets, when tested, shall conform to the 
requirements as to tensile properties specified in sec. 5, except 
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that the elongation shall be measured on a gage length not less 
than four times the diameter of the rivet. 

17. Bend Tests. The rivet shank shall bend cold through 180 
degrees flat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. 

18. Flattening Tests. The rivet head shall flatten, while hot, to 
a diameter 23^ times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 





Figure 1. 



Figure 2. 



19. Number of Tests, (a) When specified, one tension test shall 
be made from each size in each lot of rivets offered for inspection. 

(6) Three bend-and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 



II. WORKMANSHIP AND FINISH 

20. Workmanship. The rivets shall be true to form, concentric^ 
and shall be made in a workmanlike manner. 

21. Finish. The finished rivets shall be free from injurious 
defects. 

III. INSPECTION AND REJECTION 

22. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the rivets ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the rivets are being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, 
unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

23. Rejection. Rivets which show injurious defects subsequent 
to their acceptance at the manufacturer's works will be rejected, 
and the manufacturer shall be notified. 
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STRUCTURAL NICKEL STEEL 



Serial Designation: A8-16. 

These spedflcations are issued under the ;flxed designation A 8; the 
final number indicates the year of original adoption as standard or, in the 
case of revision, the year of last revision. 

Adoftbd, 1912; Revised, 1913, 1014, 1916. 

Note Adopted June 26, 1918. 

In view of the abnonnal difficulty in obtaining materials in time of war the rejection limits 
for Suli^ur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period ci the war and 
until otiierwise ordered by the Society. 

I. MANUFACTURE 

1. Process. The steel shall be made by the open-hearth process. 

2. Discard. A suflScient discard shall be made from each ingot 
intended for eye bars to secure freedom from injurious piping and 
undue segregation. 



II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the follo\\ ing 
requirements as to chemical composition: 

Structural Steel Rivet Steel 

Carbon not over 0.45 per cent not over 0.30 per cent 

Manganese " " 0.70 

fAcid •• •• 0.05 

Phosphorus|3^j^ .. QQ^ 

Sulphur.. " " 0.05 

Niclcel not under 3.25 



O.GO " 

0.04 " 

0.03 " 

" " 0.45 •• " 

not under 3.26 " 
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4. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of the elements 
specified in sec. 3. This analysis shall be made from a test ingot 
taken during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representa- 
tive, and shall conform to the requirements specified in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The chemical composition 
thus determined shall conform to the requirements specified in sec. 3. 



III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Tests, (a) The material shall conform to the 
following requirements as to tensile properties: 



Ftoperties Considered 



Tensile strength, 
lb. per sq. inch 

Yield point, min., 
lb. per sq. inch 

Elongation in 
8 inches, 
min., per cent 

Elongation in 
2 inches, 
min., per cent 

Reduction of area 
min., per cent 



Rivet Steel 



70,000-80.000 
45,000 

1, 500.000 
tens. str. 



40 



Plates, Shapes 
and Bars 



85.000-100.000 
50.000 

1,500.000ft 
tens. str. 



25 



Eye Bars and 
Rollers, c 
Unannealed 



Cye Bars, a and 

Pixis,e 

Annealed 



56,000 



1.500.000& 
tens. str. 

16 

25 



95.000-1 10.000 90.000-105.000 



52,000 



20 



20 
35 






a Tests of annealed specimens of eye bars shall be made for information only. 

b See sec. 7. 

c Elongation shall be measured in 2 inches. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongations. For plates, shapes and unannealed 
bars over 1 inch in thickness, a deduction of 1 from the percentage 
of elongation specified in sec. 6 (a) shall be made for each increase 
of J^ inch in thickness above 1 inch, to a minimum of 14 per cent. 

8. Character of Fractore. All broken tension-test specimens shall 
show either a silky or a very fine granular fracture, of uniform 
color, and free from coarse crystals. 

9. Bend Tests, (a) The test specimen for plates, shapes and 
bars shall bend cold through 180 degrees without cracking on the 
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outside' of the bent portion, as follows: For material % inch or 
under in thickness, around a pin the diameter of which is equal to 
the thickness of the specimen; and for material over Ji inch in 
thickness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(b) The test specimen for pins and rollers shall bend cold 
through 180 degrees around a 1-inch pin without cracking on the 
outside of the bent portion. 

(c) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bei»t portion. 

10. Drift Torts. Punched rivet holes pitched two diameters 
from a planed edge shall stand drifting until the diameter is enlarged 
50 per cent, without cracking the metal. 

11. Test Speeimens. (a) Tension-and bend-test specimens shall 
be taken from the finished material. Specimens for pins shall be 
taken after annealing. 

m 
J' • 

P- About 3-'^ J}' j^P§?§ilellf ction.npt l^Atiian.?::^ ^AboutrS^ 



i i ' i 



.jy:_i.ii.'jEtc 

About 18" 

Figure 1. 






(6) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (c), shall be of the full thickness 
of material as rolled. They may be machined to the form and 
dimensions shown in fig. 1, or with both edges parallel; except 
that bend-test specimens shall not be less than 2 inches in width, 
and that bend-test specimens for eye-bar flats may have three 
rolled sides. 

(c) Tension-and bend-test specimens for plates and bars (except 
eye-bar flats) over IJ^ inch in thickness or diameter may be 
machined to a thickness or diameter of at least Ji inch for a length 
of at least 9 inches. 

{d) The axis of tension-and bend-test specimens for pins and 
rollers shall be 1 inch from the surface and parallel to the axis of 
the bar. Tension-test specimens shall conform to the dimensions 
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shown in fig. 2. The ends shall be of a form to fit the holders of 
the testing machine in such a way that the load shall be axial. Bend- 
test specimens shall be 1 by }^ inch in section. 

(e) Tension-and bend-test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 

12. Nnmber of Tests, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs J^ inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 




2" Gage length 



NOTE: — The g»ge length, imrallel portions and fillets shall be as shown, Imt 
the ends may be of any form which will fit the holders of the 
testing machine. 

Figure 2. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is more than ^ inch from the center of the gage length of a 
2-inch specimen or is outside the middle third of the gage length 
of an 8-inch specimen, as indicated by scribe scratches marked on 
the specimen before testing, a retest shall be allowed. 



IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 

13. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound. 

(a) When Ordered to Weight per Square Foot: — 

The weight of each lot^ in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 

iThe term *1ot" ai^lied to TaUe I means all of the plates of each group width and group wei^t. 
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(6) When Ordaced to TUekneu.-— 

The thiekneaa of each plate shall not vary more than O.OI ini 

under that ordered. 
The overweight of each lot* io each shipment shall not exceed tl 

amount given in Table II. 
TABLE 11.- 
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V. .FINISH 

14. Finiih. The finished material shall be free from injuriouf 
defects and shall have a workmanlike finish. 



VI. MARKING 

15. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sectioos 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly 
stamped on the end of each pin and roller. The melt number 
shall be legibly marked, by stamping if practicable, on each test 
specimen. 

VII. INSPECTION AND REJECTION 

16. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material Ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

17. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

18. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a 
hearing within that time. 
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VIII. FULL-SIZE TESTS 

19. Test of Eye Ban. (a) Full-size tests of annealed eye bars 
shall conform to the following requirements as to tensile properties: 

Tensile strength lb. per sq. inch 85,000-100,000 

Yield point, min lb. per sq. inch 48.000 

Elongation in 18 ft., min per cent 10 

Reduction of area, min per cent 30 

(6) The yield point shall be determined by the halt of the 
gage of the testing machine. 



\ 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

ATFILIATED WITH THS 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

roB 

BILLET STEEL 
CONCRETE REINFORCEMENT BARS 

Serial Designation: A15-14. 

These spedflcatioxis are issued under the fixed designation A 15; [the 
final number Indicates the year of original adoption as standard or, in the 
case of revision, the year of last revision. 

Adopted, 1011; Bevisbd, 1012, 1913, 1914. 

Note Adopted June 26, 1918. 

In view of the abnonnal difficulty in obtuning materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values Riven in these Specifications. This shall be effective during the period oi the war and 
until otherwise ordered by the Society. 

1. Material CoverecL (a) These specifications cover three classes 
of billet steel concrete reinforcement bars, namely: plain, deformed 
and cold-twisted. 

(&) Plain and deformed bars are of three grades, namely: 
structural steel, intermediate and hard. 

2. Basis of Porchase. (a) The structural steel grade shall be 
used unless otherwise specified. 

(6) If desired, cold-twisted bars may be purchased on the 
basis of tests of the hot-rolled bars before twisting, in which case 
such tests shall govern and shall conform to the requirements 
specified for plain bars of structural steel grade. 

I. MANUFACTURE 

3. Process, (a) The steel may be made by the bessemer-or 
the open-hearth process. 
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(&) • The bars shall be rolled from new billets. No rerolled 
material will be accepted. 

4. Cold-twiflted Bars. Cold-twisted bars shall be twisted cold 
with one complete twist in a length not over 12 times the thickness 
of the bar. 

n. CHEMICAL PROPERTIES AND TESTS 

5. Chemical Compoaitioiu The steel shall conform to the following 
requirements as to chemical composition: 



Phosphorus 



{: 



Bessemer not over 0.10 per cent 

Open-hearth " " 0.06 



«( 



6. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 5. 

7.' Check Analyses. Analyses may be made by the purchaser from 
finished bars representing each melt of open-hearth steel, and each 
melt, or lot of ten tons, of bessemer steel. The phosphorus content 
thus determined shall not exceed that specified in sec. 5 by more than 
25 per cent. 

in. PHYSICAL PROPERTIES ANX> TESTS 

8. Tension Tests, (a) The bars shall conform to the following 
requirements as to tensile properties: 

Tensile Properties 



Properties 
Coi^idered 



Plain Bars 



Deformed Bars 



Stmctural- 
Steel 
Grade 



Tensile strength, 
lb. per sq. inch 

Tidd point, min., 
lb. per sq. inch 

Elongation in 

8 inches, min., 

percent 

a See sec. 9. 



55,000 

to 
70,000 

33.000 
1,400,000a 



Inter- 
mediate 
Grade 



tens. str. 



70,000 

to 
85,000 

40,000 

i^.qqoa 

tens. str. 



Hard 
Grade 



80,000 
min. 



Structural- Inter- 
Steel mediate ' 
Grade Grade 



55,000 

to 
70,000 



70,000 

to 
85,000 



Hard 
Grade 



80,000 
min. 



50,000 33,000 



1, 200,000a 
tens. str. 



l,250^000a 
tens. str. 



40,000 50,000 
1,000,000a 



Cold- 
twisted 
Bars 



Recorded 
only 

55,000 



l,125j000a 
tens. str. 



tens. str. 
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(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

9. Modifications in Elopgation. (a) For plain and deformed bars 
over % inch in thickness or diameter, a deduction of 1 from the 
percentages Of elongation specified in sec. 8 (a) shall be made for 
each increase of J^ inch in thickness or diameter above J^ inch. 

(6) For plain and deformed bars under ^e inch in thickness 
or diameter, a deduction of 1 from the percentages of elongation 
specified in sec. 8 (a) shall be made for each decrease of Me inch 
in thickness or diameter below %6 inch. 

1 0. Bend Tests. The test specimen shall bend cold around a pin 
without cracking on the outside of the bent portion, as follows: 



Bend Test Requirements 



Thicknen 

or 

Diameter 

of 

Bar 



Under ^ inch 

Kinch 
or over. . 



Plain Bars 



Structural- 
Steel 
Grade 



180 deg. 
d=t 

180 deg. 
d=t 



Inter- 
mediate 
Grade 



180 deg. 
d=2t 

90 deg. 
d=2t 



Hard 
Grade 



Deformed Bars 



180 deg. 
d==3t 

90 deg. 
d=3t 



Structural- 
Steel 
Grade 



Inter- 
mediate 
Grade 



Hard 
Grade 



Cold- 
twisted 
Bars 



180 deg.; 180 deg. 180 deg.j ISO deg. 



d=t : d==3t i d=4t 

180 deg. ' 90 deg. ! 90 deg. 
d=2t d=3t d==4t 



d«=2t. 

180 deg. 
d=3t 



ExPL&N ATORT KcTs: d = the diameter of pin about which the specimen is bent; 

t = the thickness or diameter of the specimen. 

11. Test Specimens, (a) Tension-and bend-test specimens for 
plain and deformed bars shall be taken from the finished bars, and 
shall be of the full thickness or diameter of bars as rolled; except 
that the specimens for deformed bars may be machined for a 
length of at least 9 inches, if deemed necessary by the manufacturer 
to obtain uniform cross-section. 

(6) Tension-and bend-test specimens for cold-twisted bars 
shall be taken from the finished bars, without further treatment; 
except as specified in sec. 2 (&). 

12. Number of Tests, (a) One tension-and one bend test shall 
be made from each melt of open-hearth steel, and from each melt, 
or lot of ten tons, of bessemer steel; except that if material from 
one melt differs % inch or more in thickness or diameter, one 
tension-and one bend test shall be made from both the thickest 
and the thinnest material rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 
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(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 8 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT 

13. FtemiMible Yariatioiuu The weight of any lot of bars shall not 
vary more than 5 per cent from the theoretical weight of that lot, 

V. FINISH 

14. Finish. The finished bars shall be free from injurious defects 
and shall have a workmanlike finish. 

VI. INSPECTION AND REJECTION 

15. Iiupectioii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector^ free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

16. R«Jeetloii. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 7 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

17. Beheariiiff. Samples tested in accordance with sec. 7, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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ORDERING MATERIAL 

General Instructions 

Structural steel for bridges, buildings and ships, steel reinforce- 
ment bars and open hearth boiler plate and rivet steel are rolled 
to permissible variations given in the specifications which precede. 
In cases of design which require close fitting, allowance should be 
made for such roUing variations so as to insure ample clearance 
between abutting or interfitting surfaces. 

All dimensions given on profiles are theoretical. Wherever the 
profile applies to more than one weight of section, the dimensions 
are for the minimum weight. 

Weights of rails are given per hneal yard of section, but unless 
otherwise indicated, all other weights are per lineal foot. Sections 
having but one weight specified can be rolled only to the weight 
given. 

Structural Beams, H-Beams, Structural Channels, Shipbuilding 
Channels, Bulb Angles, Bulb Beams, United States Steel Sheet 
Piling, Tees and Zees should be ordered to weight per foot; Angles 
may be ordered either to weight per foot or to thickness. 

Orders for Plates should specify all dimensions in inches. 

Orders for Rounds, Squares and other Bar Mill Products 
should specify width and thickness in inches and the length in 
feet and inches. 

Rails, Ties and other track accessories should be ordered by 
section number and not by the weight per foot. The section 
number should also be specified on orders for all other sections. 

The Association of American Steel Manufacturers has recom- 
mended certain angle sections as standard for bridge, car, ship and 
general building construction, and quicker deliveries can be obtained 
by ordering these standard sizes and weights. Angles not standard 
are marked "special" on the profile pages. 

In the calculation of the areas and weights of the various sections 
herein shown, the fillets have been disregarded in accordance with 
the rules of the Association of American Steel Manufacturers. 
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METHOD OF INCRBASINQ SECTIONAL AREAS 




\^^^^^^^^^k^^^^vV^^^^^^^^^^^^^^^^ 





^^^^^^A^w^^^^^^^^^^^^^^^w\^v^^^^^'^^^^ 





?^^VV^^fvk5vkkkkkVkVk^^^m^^^^^^ 





nriie above figures show the method of increasing the sectional areas and 
weislits of structural shapes. Cross hatched portions represent the minimum 
sections and the blank portions the added areas. 

In the case of Channels, I-Beams and Bulb Beams, the enlargement of the 
aectlon adds an equal amoimt to the thickness of the web and the width of 
the flanges. In the case of Angles and Zees, the effect of spreading the 
rolls is slightly to increase the length of the legs. No general statement can be 
made with regard to Bulb Angles, in the rolling of which different methods 
are in use. 

Inasmuch as the roll passes are modified in the wear of the rolls, the 
actual dimensions will not always conform to the theoretical, even in the 
case of the minimum weight sections. Designers and detailers of structural 
work should arrange for ample clearances. 



59 



CARNBQIB STBBL COMPANY 



BEAMS AND CHANNELS 
Common Dimensions 

structural beams 

A. A. S. M. Standard Sections 




? 

MINIMUM sections: 

n==miniinum web=t 
R==minimum web + 10" 
r=^ minimum web 
Slope of Flange, 1: «=16%%==9o 27' 42'' 



STRUCTURAL CHANNELS 
A. A. S. M. Standabd Sbctionb 



ii 

: jf 

MINIMUM sections: 

p— miniTntiTn web =t 
• R=minimum web + O.KK' 
r = ^ minimum web 
Slope of Flange.l:6=.16%%= 90 27'42" 





->.n.< 




SfflP BUILDING CHANNELS 
BBmsH Standard Bsctionb 



n 



iti 

Y 



n= ta— 0.03492a 

R=t2 

Slope of Flange^**=8.492% 

Dimeosioiis for Structural Beams are those adopted by the Associatioi 
American Steel Manufacturers and apply to all Structural Beams, exc 
American Standard Sections B 1, B 2 and B 3, also Sections B 24 and B 8 

The dimensions of the Supplementary Beams, B 61 to B 68, inclusl 
cannot be readily reduced to formulas. Slope of flange is 1 : 11^=5^ 11' 4 

Dimensions for Structural Channels are those adopted by the Associat 
of American Steel Manufacturers and apply to all Structural Chann 
except Section C 20. which is a Car Building Channel. 

Dimensions for Ship Building Channels are those adopted by the Brit 
Engineering Standards Committee, and apply to all Ship Building Chann< 



GO 



STRUCTURAL BEAMS 




ABIOKLCf'aX' 



£ 


Drplhof 


Weinht 


PUme Width. 

Incho 


W<i Thiol™., 
laehn 


DeciBifll 1 FtMtiL.iii.1 


DwImiLl 1 Frutixo^ 


tei 


27 


00,0 


O.on 1 9 


0,521 1 "^ 



CARNEQIE STEEL COMPANY 



STRUCTURAL BEAMS— Continued 




k' 



'« 



0.60 r-^ 



{2 



a B24 

I 

I 

I 
\ 

» 



.— i 



0.30 



±._ 





.— i 



SK 3.250^^ 



I o 



Section 
Index 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractioi 


B24 

B 1 

1 


24 
24 


115.0 
110.0 
105.0 

100.0 
95.0 
90.0 
86.0 
80.0 


8.000 
7.938 
7.875 

7.254 
7.193 
7.131 
7.070 
7.000 


8 

7H 

7H 
7A 
7H 

7 


0.750 
0.688 
0.625 

0.754 
0.693 
0.631 
0.570 
0.^00 


H 

n 

H 

H 
H 
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STRUCTURAL BEAMS—Continued 




^ 



o' 

-♦I 



%• 



«- 




? •B62 »_ 



*— 




eo 



'B63 



0.105 V: 

So< 4.262- 



Seetion 
Index 



«B 62 
*©63 



Depth of 
Beam, 
Inches 



24 
21 



* Supplementary Beam. 



Weight 

per Foot, 

Pounds 



74 
60.5 



Flange Width, 
Inches 



Decimal 

9.00 
8.25 



Fractional 



9 



Web Thickness, 
Inches 



Decimal 



0.476 
0.428 



Fractional 



i%3 

27/64 
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STRUCTURAL BEAMS— Continued 




BEAMS 




STRUCTURAL BEAMS— Continued 

B81 



8 





-- 14.492 -- 
i 0.562' 



t 



18' 



B80 



15.207 --- 
i 0.460' 



T 



...13-— 

*B64 



14.750 

iO.380'' 



-- *i 




0.658 



«/ 



1.195 



*/ 



f 



•0.460" 





1 






. ^of 






1 


ft-- " XO" 


Section 

T«m1at 


Depth of 
Beam, 
Inehefl 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web ThicknesB, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


B81 

B80 
*B64 


18 

18 
18 


90.0 
85.0 
80.0 
75.0 

70.0 
65.0 
60.0 
55.0 

48.0 


7.245 
7.163 
7.082 
7.000 

6.259 
6.177 
6.095 
6.000 

7.500 


7H 

7%2 

7%4 

7 

61V64 
6%2 

6 

7H 


0.807 
0.725 
0.644 
0.562 

0.719 
0.637 
0.555 
0.460 

0.380 


i%e 

2%2 

%e 

%e 
H 



^Sunplementaiy Beam. 
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I 




^ 
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STRUCTURAL BEAMS— Continued 



65 



—11.749 : y 

10.590*' . 



-15^- 




B7 



-12.468 - 



■IJo.410' 



♦ 0.410^ 



-16"- 




0^1 



\,0.310 



*B65 

-12.125!^ i-l?76|.. 

10.882'' L 




-^0.602' 



. -> 



-Ht6- 




Flange Width. 
Inches 



.Web Thickneas, 
Inches 



Decimal 



C.2g2 
6.104 
6.096 
6.000 



Fractional 



6t%4 
6%e 

6 



Decimal Fractional 



0.882 
0.784 
0.086 
0.590 



I 










55.0 


5.746 


5H 


0.656 


•H. 


B 7 


16 


50.0 


5.C48 


5*\^ 


0.558 


%. 






45.0 


5.550 


5«%4 


0.460 


•%4 






42.0 


5.500 


SH 


0.410 


^%a 


♦B66 


15 


37.6 


6.750 


6K 


0.332 


*Vu 



* Supplementary Beam. 
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STRUCTURAL BEAMS— Continued ^ .\i«)' 




Seetioii 
iadex 



B 8 




Deptii of 
Beam, 
Inches 



Weight 

per Foot, 

Founds 



Flange Width, 
Inches 



Decimal 



12 

12 
12 



55.0 
60.0 
45.0 
40.0 

35.0 
31.5 

28.0 



6.611 
6.489 
6.366 
5.250 

5.086 
5.000 

6.000 



Fractional 



Web Thickness, 
Inches 



Decimal 



58%4 

53yM 
5«%4 
6M 

6%» 
6 

6 



0.821 
0.699 
0.676 
0.460 

0.436 
0.350 

0.284 



Fractional 



^%4. 

T4s 



Supploneii^y Beam. 
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*i 



jfc- 




■ 

I 



;... 



T 

I 

I 



I 



XL — 



STRUCTURAL BEAMS— Continued 

Bll 

^ 7.959--- -H 



Wo' 



i 0.310' 



.-ao-"- 



*B67 

-- 7.750' 



10.252^ 



10' 




6 13 



7.085" 

10.290^ 




Deptii of 
Beam, 
Inches 



10 

10 
9 



Weight 

per Foot, 

Pounds 



40.0 
35.0 
30.0 
25.0 

22.25 

35.0 
30.0 
25.0 
21.0 



Flange Width, 
Inches 



0.41 




0.67S'' 



i 



I 
-4i 



••*i ft 



J-125^ . 




0.260^ 




§ 

o 
-i 



:::: ;.iQ^498'" 



e4 

I 

I 
I 



0J890' 




Web Thicknefls, 
Inches 



Decimal 

5.099 
4.952 
4.805 
4.060 

5.500 

4.772 
4.609 
4.446 
4.330 



Fractional i Decimal 



5%3 

4«Vtt4 
4ia^o 

42^2 

44%4 
4«%4 

4"/m 

43^4 



0.749 
0.602 
0.455 
0.310 

0.252 

0.732 
0.569 
0.406 
0.290 



Fractional 
H 

"jl4 



* Supplementary Beam. 
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STRUCTURAL BEAMS— Continued 



ro^o' 




Section 
Index 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


B 15 

*B68 
B 17 


8 

8 

7 


25.5 
23.0 
20.5 
18.0 

17.5 

20.0 
17.5 
15.0 


4.271 
4.179 
4.087 
4.000 

5.000 

3.868 
3.763 
3.660 


41%4 

4iyM 

4%2 

4 
5 

3*%4 
3*1^2 


0.541 
0.449 
0.357 
0.270 

0.220 

0.458 
0.353 
0.250 


«%4 
%9 



^SiqndeiDentary Beam. 
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STRUCTURAL BEAMS— Concluded 




a 






B21 

^ 3.589"- 



"*^ !o.210' 



I "' 



,0.210' 



T 



0^1 




0.443' 



X 



B23 




*[ ro.i9o' 



B77 



'*"0.170' 




Section 
Index 



B19 



B21 



B28 



B77 



Deptiiof 
Beam, 
Inches 



G 



3 



Weight 

per Foot, 

Founds 



17.25 
14.75 
12.25 

14.75 

12.25 

9.76 

10.5 
9.5 
8.5 
7.5 

7.5 
6.5 
5.5 



Flange Width, 
Inches 



Decimal 



3.575 
3.452 
3.330 

3.294 
3.147 
3.000 

2.880 
2.807 
2.733 
2.660 

2.521 
2.423 
2.330 



Fractional 



m 

3H 
3 

2Ji 
2» 

2ii 

ni 



Web Tbii 
Inches 



Decimal 



0.475 
0.352 
0.230 

0.504 
0.357 
0.210 

0.410 
0.337 
0.263 
0.190 

0.361 
0.263 
0.170 



Fractional 



H 
II 
il 

H 
ii 
kl 

H 
Ik 
H 

II 
il 
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gK— LW^--H 



Section 
Index 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web ThicknesB, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


H 4 
H 3 
H 2 
H 1 


8 
6 
5 
4 


34.0 
23.8 
18.7 
13.6 


8.000 
6.000 
6.000 
4.000 


8 
6 
5 
4 


0.375 
0.313 
0.313 
0.313 


H 



H-B^uns shown on this sheet are particularly adapted for use in inside mine timbering. Fall 
information as to thdr properties ana uses is given in separate pamphlets entitled *'SteeI Mine 
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BULB SECTIONS 



SHIP BUILDING BULB ANGLES 
British Standard Sections 



r "^725' 




B195 



.725 



"1 
I 



I 

I 

CO 



-10-- 



B196 



1.625^ 




— X 



:i...* 



•»-^.526 
I I 



-lO^- 



.pOOO*''^-*. 



r-D. 



CO 

; 






4... 




B 197 (BSBA 18) 

.526*1 



--t- 



I 



CO 



-10" 



B205 

1.600" 



-dW- 





B206 (BSBA 17) 
.500; 



9W 



-n.BOO" 



I 
I 

CO 

I 



__*■ 



Section 
Index 


Depth. 
Inches 


Flange Width, 
Inches 


Web Thickness. 
Inches 


Weight 
per Foot, 




Dedmal 


Fractional 


Decimal 


Fractional 


Decimal 


Fractional 


Pounds 


B195 
Bl96 

^18) 
B205 

(»S|4I7 


10.000 
10.000 
10.000 

• 

9.500 
9.500 


10 
10 
10 

9H 


3.500 
3.500 
3.500 
3.600 
3.500 


3M 
3^ 


0.725 
0.675 

0.625 
0.575 

0.535 

0.475 

0.600 
0.550 

0.500 

0.450 


2%2 

H 

Mi 

2%4 


35.2 
33.2 

31.1 
29.1 

36.9 

24.9 

28.8 
26.9 

34.7 
22.8 



of British Standard Sections are indicated in bold typs. 
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.076?—^ 






.476."<-^. 



CO 

I 



.4iifr-^ 






t.. 



SHIP BUILDING BULB ANGLES 
British Standard Sections — Continued 



B20] 

i.675' 




to 



■9= 




B202 



.576; 



4...!^ 



•9- 



B203 (BSBAKO 



B 209 (BSBA 14) 



i,.475* 




-8V4^- 



._* 



r 






r-*> 




Section 

InHex 


Depth. 
Inches 


Flange Width. 
Inches 


Web Thickneas, 
Inches 


p 




Decimal 


Fractional 


Decinud 


Fractional 


Decimal 


Fractional 




B201 

B 202 

B 203 
(BSBA 16) 

B 208 

B 209 
(BSBA 14) 


9.000 
9.000 
9.000 
8.500 
8.500 


9 
9 
9 

8H 

8H 


3.500 
3.500 
3.500 
3.500 
3.500 


3H 
3M 
3H 
33^ 

3K 


0.675 
0.025 

0.575 
0.525 

0.475 

0.425 

0.575 
0.525 

0.475 
0.425 


*%4 





Dimenaioos of British Standard Sections are indicated in bfM typa. 



74 



BULB SBCTIONS 



tfOi»-it 



t — 



T\ 



'♦ 



I 
I 
I 
I 



.560 



Pi 



09 



I 
I 



Vf^ 




SHIP BUILDING BULB ANGLES 
British Standard Sections — Continued 



.550 



B2U 




T-- 



-8V4— ' *• 




B214 



^.KO* 



-8-'- 



t^^ 



B217 

.525' 



-8- 



B 212 (BSBA 13) 



.4601 



-m- 





B 215 (BSBA 12) 



.480 



-8'-. 




J... 



r 



'_J 



.460* 



r*1.450*' 



I 
I 
I 
I 

I 

.-■if 



I 



Bection 
Index 


Depth, 
Inches 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Wdght 
per Foot, 




Decimal 


Fractional 


Decimal 


Fractional 


Decimal 


Fractional 


Pounds 


B211 

*SBAI3) 

B2U 

^•SlAI2) 

B217 
i\r~~~ — 


8.500 
8.500 
8.000 
8.000 
8.000 


8H 
8H 

8 
8 
8 


3.000 
3.000 
3.500 
3.500 
3.000 


3 
3 

3H 
3>i 
3 


0.550 
0.500 

0.450 
0.400 

0.550 
0.500 

0.450 
0.400 

0.575 
0.526 


8%4 

2%4 
1%2 

8^64 

2%4 
1%2 

8%4 
1%2 


23.4 
21.7 

19.8 

18.1 

23.2 
21.6 

19.6 

18.0 

23.1 
21.4 



nous of British Standard Sections are indicated in bold type. 
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SHIP BUILDING BULB ANGLES 
British Standard Sections — Continued 

B 218 iKMk lU 

.425' 



1-. 




o 



B 220 



..626- 



— -7H^- 






« 



1. 



v 



B223 



1 



JBs5' 



l^M^ 



£—-y 



\ 



'i-.s. 







B221(BSIU1I) 

.426^ 



_,,* 

•v^- 



E 




B224(BSB4«) 

.426'' 



-iW 



.— t^ 





I 

I 

I 
I 
I 

I 
I 
I 



^,* 



Iiidex 






*: /'A'.' 






■ //'■ 






I 



Depth. 
IncheB 



nu^eWidUi, 



Dttdiukl ' Fnetioiud 



v/XIO 



V r 



y/j 



Derimal 



/ r, 



y/y 



3.000 



7H ■ 3.500 



7H i 3.500 



7H 



3.000 



3.000 



fVaetknal 



3H 

3 

3 



Ww> TiiickiicBB, 
Indiei 



Dwiitml 



0.475 
0.435 

0.575 
0.525 

0.475 
0.435 

0.525 
0.475 

0.435 
0.875 



IVaetional 



H 



per^ 



19.6 
18.0 

22-8 
212 

19.4 
17.8 

20.3 
18i 

17.1 

16.6 



/ r.'-f* •'M'f'H*^ ihetknii «r» hkdkttod ia 
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BULB SECTIONS 



SHIP BUILDING BULB ANGLES --..s^ 

British Standard Sectione— Continued f ^ 



B 227(ISBA» 



^1 



S" 


fas 




t™'"' 


WBbTtiickii™, 


,», 




D«Inul 


FraolioEil 


Dcimal 


Fnctiosal 


Dec™.! 


Fnrtion^ 


PoudHb 


288 


7.000 




3-500 


SH 


0.525 




ao,o 


SI, 


7.000 




3-500 


3M 


0.43S 




16.B 


289 


7.000 




3.000 


^ 


0.500 
0.450 


.^ 


18.4 


A'; 


7.000 




3.000 


3 


0.400 

0.350 


'^1 


IS.J 


&, 


a.fioo 


« 


3.S00 


3ji 


0.400 
0.350 




;^;» 

















"OeQawncf BritMh Btuidwd Sectioiia sn iodiaUd in taM lypa. 



CAKNEOie STEEL COMrA^IY 



SHIP BUILDING BULB AXGLE8 

British Standard 



> 






6236 



•* ... BM 



^^„. 



tLM 



• I 




•s 



^5 



• « • 



I 
I 



3 k 




tUM 



B241 

.475' 



k..L 



Jji 



* 



6 



B242 (Bni4) 



x.-.S. 




I 






.-J' 



6' 



Section 
Index 



Deoth. 
Inches 



Flange Width, 
Inches 



WebTludamB, 
Indies 



Decimal I Fractional Decimal '^ Fnurtiooal Decimal 



perlW 
FboDcl" 



B 236 



6.500 



tUojd (>.000 . 

i 

tUoyd 6.000 



B 241 6.000 



B 242 

4 



6.fJClO 



6 
6 
6 

6 



3.000 

3.500 
3.500 I 



3.000 



3.000 



I 



I 



3 

3'2 

3.S 

3 

3 



0.425 
0.375 

0.350 

0.475 
0.425 

0.i7S 
0.350 

0.525 
0.475 

0.425 
0.375 
0.350 



UiauamfXA d hnitiA. .'iU«SM4 fttntinM are iadieated in WM lyyt. 




7H 



BULB SECTIONS 



,-fi 



CO 



t.^. 



SHIP BUILDING BULB ANGLES 
British Standard Sections — Concluded 



B244 



•850* 



:£] 



5V^ 



1 




r 


rx 


B245CBSBA3) 

.350": 


) 


L 1 



CO 



> 



B251 (BSBA2) 

■.326- y^ l 






'-—5^- — 



5- ^ 

Miscellaneous Sections 



."r^ 



#■• 



*B143 

,.24' 



=zj:i -q:^ 



*B144 



.22 



J^ 






.28 



-6"- 



.-4%- 



.19^*- 



*B145 






.19- 






19 



.185, r> 



*B146 

:.16* 



:£il 



irl_8 



*B147 



^ 



L..3f_ J 



w --2%'- J 



Depth, 


Flange 


s Width. 


Web Thickness, 


Weight 
per Foot, 


Inches 


Inches 


Inches 


Decimal 


Fractional 


Decimal 


Fractional 


Decimal 


Fractional 


Pounds 


5.500 


5>^ 


3.000 


3 


0.500 
0.450 

0.400 


¥2 
1%2 


15.1 
13.9 

12.5 


5.500 


5H 


3.000 


3 


0.350 
0.325 

0.375 




11.3 

10.7 

10.4 


5.000 


5 


2.500 


2>^ 


0.325 
•0.300 


1%4 


9.3 

8.8 


5.000 


5 


2.500 


2J^ 


0.240 


y4. 


8.3 


4.500 


4H 


2.250 


2K 


0.220 


%2 


6.7 


3.000 


3 


2.000 


2 


0.190 


%6 


3.60 


3.000 


3 


1.750 


1^ 


0.160 


%2 


3.25 


2.500 


2M 


1.500 


IK 


0.150 


%2 


2.66 



I only by special arrangement. 

OS of British Standard Sections are indicated in bold type. 
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CAik:^weam smoL c»mr>Mvw 



r: Ut ftrrCLDWO BCLB. JkSGLBS 



* ^^ 






: ♦BI25 



j-i 






*B12i -i<-^ 



f s 



V 



^' 1 









so 



* -#* 



B 122 ^•.-!( 



^m;. 'B 123 




"* 




«r- 



'^, . .* 



* 






4' 



4 



Section 
Index 


Depth. 

IlM»IC8 


Flange Width. 
Incha 


Web Thirkitw, 
IndM 


Wopht 
per Foot. 




Decimal Fractional' 
o.OlW 5 


Decimal 
4.500 


FractioBal 

4>2 


Decimal 
0.438 


Fhietknal 


JroaniB 


•B 125 




%• 


19.3 


•B 124 


5 000 5 


3.500 


3H 


0.375 




H 


13.2 


•B 122 


4 000 4 


3.500 


3H 


0.500 




H 


14.3 


•B Urj 


4fiOr» 4 3 500 

•mV ty tpmial anaagement. 


3U 


0.375 




H 


11.9. 


•I'lA/OMlMMt 













M) 



CHANNELS 



STRUCTURAL CHANNELS 




-.„--— J 



^^ 


^ 


® 


"«EE"- 


Web Thkkiua, 




Deciiu] 


FnoUoul 


Dedmal 


Fnctiond 










\ 














i 


























i 




































































*A 




































2.0 


4.000 


4 


0.376 


H 



X^N,bMlHl>TBm4. COMPANY 



r VI 1 uit4Jk. <al£^N2nELS -- Oontixnied 



%"• 



C2 



9^10- 



12^ 



■^ fojos' 




0J2S' 




II. u 



C8 



- 8jaB'- 



|0.240' 



- 10* 



"Ifojio^ 




OlSSS 



••'vWji 



. ., ,. -. .. 

1 l|MI" '. 




Fiance 

Dwimal 
11,418 


Width. ' 
hes 


WebThk^noB. 


lit ♦• ' 


Fractioiud 


Dednl 


Ftactianal 




3« 


aT58 




K 




lii.O 


3.29d 


3H 


a636 




li 


1 i 


tU.l) 


iJ,l7a 


3a 


asis 




if 




:.> (> 


a.i>50 


3A 


0.390 




if 




:u. 1 


4».V»40 


2H 


0L280 




A 




' i.i «> 


ii.i8a 


3A 


0.S23 




If 




K>.l) 


3.aatt 


3rf, 


a676 




tf 


III 


in i) 


:*.ss9 


2H 


0l329 




ii 




^.O 


a.742 


2t} 






H 




i;i 


:«.aoo 


2H 


aJ40 




if 



la 



CHANNELS 



STRUCTURAL CHANNELS - Continued 



-rakO.U' 




C4 



.7J47-- 



J, 0.230' 



9"- 




f— PXCIS' 



ei 

I 
I 

4. 




C5 



^ 6J38' 

-io^* 



J, 0.220'' 



8^ 



"^ 1*0.220' 




0.13 




C6 



p, 6.429^^ *t 



0.31" 



10.210' 



0.210* 




0.623' 



Section 
Index 


Depth of 
Channel, 


Weight 
per Foot, 


Flange Width, 
IncheB 


Web Thickness, 
Inches 


Inches 


Pounds 


Decimal 


Fractional^ 


Decimal 


Fractional 




- 


25.0 


2.815 


213 


0.615 


n 


C4 


9 


20.0 


2.652 


m 


0.452 


il 


15.0 


2.488 


2gi 


0.288 


^ 






13.25 


2.430 


2/, 


0.230 


H 






21.25 


2.622 


2H 


0.582 


ii 






18.75 


2.530 


2H 


0.490 


n 


C5 


8 


16.25 


2.439 


2/, 


0.399 


H 






13.75 


2.347 


2ii 


0.307 


A 






11.25 


2.260 


2iJ 


0.220 


• A 






19.75 


2.513 


232 


0.633 


H 


1 




17.25 


2.408 


2i§ 


0.528 


H 


ee 


7 


14.75 


2.303 


2H 


0.423 


H 






12.25 


2.198 


2H 


0.318 


ft 






9.75 


2.090 


2^ 


0.210 


r V\ 



X 



83 



CMm^^mMSK. STEEL cam^Mivw 



m^SX^CTUEAL CMA2fXEi£--CiaiuiaaBA 



9 




CT 



OJfl* 



— / 

I 



.mJs, — . . 



<L1»' 




„ 3-__. 



^ 





u-'*- w— 1« 



ChjHmd, 



WflMht 

per Foot, 

Pannda 



Inches 



Deeimal i^aetianal 



Wd[> 



Deeiinal Fnetiootl 



c 


7 


6 


15.5 

13.0 

10.5 

8.0 

f 


2.283 
2.160 
2.038 
1.920 


2^ 
2iW 
2,^ 

n\ 


0.563 

0.440 
0.318 
0i20O 




c 


8 


6 


11.5 
9.0 
6.5 


2:037 
1.890 
1.750 


2A 

1% 


a477 
0L33O 1 
0l19O t 




1 

c 


» 


4 


7.25 
6.25 
5.25 


1.725 
1.652 
1.580 


HI 


0.32S ; 
a252 ' 
ai80 




C72 

/ 


3 

> 


6w0 
5.0 
4.0 


1.602 
1.504 
1.410 


135 
IH 
IH 


<K362 1 
0.264 , 

aiTO 1 





^ 



CHANNELS 



SHIP BUILDING CHANNELS 
British Standard Sections 



'T:\(L42B' 






10.626' 



I 



C21 (BSC2e) 
9.422--— 



'0.525' 



12" 



^ i*6.664'' 



e 



n 



f% 









0^686' 



r\0.425' 



eo 



:0.600' 



-.4. 



C171 (»SC25) 



9.636- 



0.500' 



-12- 



1 



"1 ro.648' 




0.662' 




rf — 



! 0.575'' 



•< -■ 



C26 CBSC21) 



-7.616- 



•0.475" 



T- 



10' 



"*'■ %m' 



h- 



o 
K-->l 



c>) 



M. 



6.'637' 






Section 
Index 


Depth of 

Channel, 

Inches 


Weight 
per Foot, 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Pounds 


Decimal 


Fractional 


Decimal 


Fractional 


O 21 

(BSC26) 

O 171 
(BSC25) 

C 26 
(BSC31) 


12 
12 
10 


44.4 
40.3 
36.2 
34.2 

40.8 
36.8 
32.7 
30.6 

36.8 
33.4 
30.0 
28.3 


4.200 
4.100 
4.000 
3.950 

3.700 
3.600 
3.500 
3.450 

4.200 
4.100 
4.000 
3.950 


4iy64 

4%2 

4 

30%4 

3i%J 

3^ 

3a%4 

41%4 
4%2 

4 
36^^ 


0.725 
0.625 
0.525 
0.476 

0.700 
0.600 
0.500 
0.450 

0.675 
0.575 
0.475 
0.425 


2%2 

*%4 
2%4 



Dimenaons and properties of the British Standard Sections are indicated in bold typo. 
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CARNEGIE STEEL COMPANY 



SHIP BUILDING CHANNELS 

British Standard Sections — Continued 



*-■ 



I 
I 
I 

I 
I 



T\0.4O0' 



C27 (BSC20) 



<■---: 



-7.634- 



: 0.575' 



0.475" 



-10- 




0.628' 



-* 



I 
I 



r\0.350' 



I 
I 



n 



!'6.445' 



C28 (HO 19) 



7.926--- 



04 



1.^*1 



ClP-gQO'' 



'0.375' 



1 



op 

I 

I 



0.566 



-10- 



y 



"^0.400* 



0.518' 



i 



Y— . 



n""^ 



' 10.575' 



C31 (BSC18) 

6.616- 

:0.475' 



lO 

o 
K--H 



04 



^.i. — i 



■ 

§ 

eo 



0.637' 



-9^ 



Section 
Index 



O 27 

(BSC20) 



O 28 
(BSC 19) 



O 31 

(BSC 18) 



Depth of 

Chiaimel, 

Inches 



10 



10 



Weight 

per Foot, 

Pounds 



84.8 
81.4 
28.0 
26.3 
24.6 

26.1 
33.4 

21.7 

84.5 
81.4 
28.4 

26.8 



Flange Width, 
laches 



Decimal Fractional 



3.700 
3.600 
3.500 
3.450 
3.400 

3.550 
3.500 
3.450 

4.200 
4.100 
4.000 
8.960 



3i%a 
3K 




38%4 
41%4 

4%a 

4 

3n<i4 



Web Thickness. 
Inchei 



Decimal 



0.675 
0.575 
0.475 
0.425 
0.375 

0.425 
0.375 
0.325 

0.676 
0.576 
0.475 
0.426 



Fractionml 






Dimensions nd properties ol the British Standard Sections are indicated in boM typa. 



ae 



CHANNELS 



SHIP BUILDING CHANNELS 
British Standard Sections — Continued 



nr^ojws' 



eo 



*; 



Vio.550^ 



C S2 CBSC17) 

— 6.731'- 



0.450' 






n 



<--> 



01 



•->: 



0.603' 



T>^0JJ76' 



e 

eo 



*.. 



I 



<-■ 



lO.826 



C 36 (BSC 13) 
5329^- 



.0.425' 



-8 



CT 



! 0.471* 

I 



04 






iJ 



0.579* 



r~r\o.35o' 



I 

S 

I 

I 



— > 



C 37 (BSC12) 



K 5.943'- 



V ^'!0.500' 



i 0.375 



8 



'^ ro".454' 



C4 



N^>l 



e4 



li:d.M6' 



I 



Section 


Depth of 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


C 32 

(BSC 17) 

O 36 

(BSC 13) 

O 37 

(BSC 12) 


9 
8 

8 


31.3 
28.3 
25.2 
23.7 

28.0 
25.3 
22.6 
21.2 

25.3 
22.6 
19.9 
19.2 
18.5 


3.700 
3.600 
3.500 
3.450 

3.700 
3.G00 
3.500 
3.450 

3.225 
3.125 
3.025 
3.000 
2.975 


3«/64 
31%2 

3K 

32%4 

3«/64 
31%2 

sy2 

32%4 

3%a 
SVs 
3%a 
3 

28^2' 


0.650 
0.550 
0.450 
0.400 

0.625 
0.525 
0.425 
0.375 

0.600 
0.500 
0.400 
0.375 
0.350 


2^2 

H 

1M»2 



imensioos and psopartiw of the British Standard Sections are in^cated Vn Vm\4 V^^gib. 
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CARNEGIE STEEL COMPANY 



SHIP BUILDING CHANNELS 
British Standard Sections — Continued 



f""]T\0.350 



•■*• '*0.446' 



«; 



I 

I 
I 
I 

1 

Y 



t? ♦ 



C 41 (BSC 10) 



H^ 



C4 



t< 4.926- 

10.500' 0.400* 



.-V 



'^-«t--> 



I 



0.554' 



<<- 






»! 



M 



r\0.325 



t_. 



;0.475' 



42 (BSC9) 



-5.041- 



— ». 



o 
01 






o 



r 0.429' 



— -> 



,0.375' 



"< 



e4 



0.521' 



r;v0.326' 



ci 



46 CBSC8) 



V'fo.475^ 



4.023'- 



C4 



r 0.420' 



to 






10«375' ! / 



n 



e^ 



CO 



0.530 4. 



0.300' 



\ :i0.386' 



*O109 

—4.376-'- 



"*"• f6.3ao' 



0.340' 






6-'- 



0.440 



Section 


Depth of 

Channel, 

Inches 


Wdght 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web ThicknesB. 
Inches 




Decimal 


Fractional 


Decimal 


IVaetional 


O 41 

(BSC 10) 

42 

(BSC 9) 

' O 46 

(BSC 8) 

♦O 109 


7 
7 

6 

6 


24.9 
22.5 
20.1 

18.9 

19.8 
17.4 

16.3 

21.9 
19.8 
17.8 

16.8 

15.3 


3.700 
3.600 
3.500 
3.450 

3.100 
3.000 
2.950 

3.700 
3.600 
3.500 
3.450 

3.500 


3*%4 
31%2 

32%4 

3%a 
3 

38^64 
34%4 

3i%a 
3a%4 

3H 


0.600 
0.500 
0.400 
0.350 

0.475 
0.375 
0.325 

0.576 
0.475 
0.375 
0.325 

0.340 





^American Section. , 

DimeDAoos and properties of the British Standard Sections are indicated m Md typa. 
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CHANNELS 

SHIP BUILDING CHANNELS 
British Standard SeotiooB— Concluded 



MISCELLANEOUS CAR CHANNELS 



•C106 

f. ijM'- 

jo.*' !l)JTB' 



tf J 



■^■" "C 200 

U-.i896'— - 


1 











'-TtAB' "C : 



1 'CIM 

I -1.660'- 



'i 



«■ 


Depth or 


IS 


n:£* 


WAThictiieH. 
Inchn 


Dednal 


Fr«tiQnal 


Dedmil 


FncQoBl 


o « 

(BSCT) 

O 48 

<BSCS) 


• ! Ill 

• 1- 


3.000 

2.603 
I.SOO 


3 

2H 


0.175 
0.313 

0.375 


H 

H 





MISCELLANEOUS CAR 


CHANNELS 




•O 106 


SJ4 


17.0 3-500 


SH 0.375 


H 


■C200 


4 


13.6 


3.500 


2}S 


0.600 


H 


•C 220 


4 


10.1 


2.087 


2H» 


0.394 


■%. 


•C 190 


3 


,., 


1.984 


i«%. 


0.250 


M 



CARNEGIE STEEL COMPANY 



EQUAL ANGLES 



T 



-8' 



CO 



a 



78 



3 



y." „ 



A us 

to 
A 103 






ilJ 



p>i^ 



3 



6^^- 



A86 

to 

A88 



3 



^- ^ 



*A94 

to 
♦A 17 



Sacfcion Indflx 


Size, 


Thicknees, 


Weii^t per Foot, 




Inches 


Inches 


Pounds 


A 113 


8x8 


IH 


66.9 


A 112 


8x8 


li»« 


54.0 


A 111 


8x8 


1 


61.0 


Alio 


8x8 


1« 


48.1 


A 109 


8x8 


45.0 


A 108 


8x8 


7i 


42.0 


A 107 


8x8 


38.9 


A 106 


8x8 


II 


35.8 


A 106 


8x8 


32.7 


A 104 


8x8 


A 


29.6 


A 103 


8x8 


26.4 


A 86 


6x6 


1 


37.4 


A 87 


6x6 


M 


35.3 


A 1 


6x6 


33.1 


A 2 


6x6 


\% 


31.0 


A 3 


6x6 


% 


28.7 


A 4 


6x6 


II 


26.5 


A 5 


6 X (> 


24.2 


A 6 


6x6 


A 


21.9 


A 7 


6x6 


19.6 


A 8 


6x6 


A 


17.2 


A 88 


6x6 


14.9 


*A 94 


5x5 


1 


30.6 


*A 95 


5x5 


II 


28.9 


*A 9 


5x5 


27.2 


*A 10 


5x5 


II 


25.4 


*A 11 


5x5 


23.6 


*A 12 


, 5x5 


II 


21.8 


*A 13 


5x5 


20.0 


♦A 14 


5x5 


1 A 


. 18.1 


*A 15 


5 X 5 


16.2 


♦A 16 


6x5 


: n 


14.3 


♦A 17 


6x6 
«58. 


12.3 


^Special, aeepag 







90 











:.•... i 


%NQLBS 






EQUAL ANGLE^-Contiiiued 


^— 4". 


♦; r* — 8>i'^ * r< 8-^ ♦! 


• 
1 

• 


1 


; : 1 I 


A 


A- 1 






J * t 


J k 


i 








1 




P'Me ' y*" 








*A18 


1 


* A26 « 


*A34 


^ ' 




to 


s 


to 


to 


•^S" 




*A284 


CO 

1 


♦A 285 


A 40 












LV 










t„.i 


J 


♦ ... 






Section Index 


Size, 
Inches 


Thickness, 
Inches 


Weight per Foot, 
Pounds 


*A 18 


4x4 


ii 19.9 


A 19 


4x4 


H 


18.5 


A 20 


4x4 


H 


17.1 


A 21 


4x4 


H 


16.7 


A 22 


4x4 


A 


14.3 


A 23 


4x4 


H 


12.8 


A 24 


4x4 


A 


11.3 


A 25 


4x4 


H 


9.8 


A 90 


4x4 


^ 


8.2 


*A284 


4x4 


H 


6.6 


*A 26 


3Hx3J^ 


ii 


17.1 


*A 27 


3H X 3H 


H 


16.0 


*A 28 


3H X SVi 


H 


14.8 


A 29 


3Hx3H 


^ 


13.6 


A 30 


3>^x3H 


A 


12.4 


A 31 


3>^x3H 


J4 


11.1 


A 32 


3Hx3H 


f« 


9.8 


A 33 


3HX3H 


H 


8.5 


A 99 


3HX3H 


A 


7.2 


*A285 


3^x33^ 


M 


5.8 


*A 34 


3x3 


H 


11.5 


♦A 35 


3x3 


A 


10.4 


A 36 


3x3 


H 


9.4 


A 37 


3x3 


A 


8.3 


A 38 


3x3 


H 


7.2 


A 39 


3x3 


A 


6.1 




A 40 


3x3 


K 


4.9 






* Special, see pae 


;e58. 
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CARNBQIE STEBL COMPANY 



SQUAL ANGLES-^Conduded 



2\% 



.1 

I 

> 
■ 

Li) 



%' 



♦A 504 



-— 2 



ea 



Hi" 

*A56 
to 
*A606 



:— -1 



T' 



+ i 


♦A61 
" *A507 









1 u 



♦ Aee 

A 102 



riX 






^ 



WW 



*A70 
*A73 









_78 
*A80 



titoliou lu4(iK 


Siie, 
Indies 


ThiRkneii, 

iBdMB 


Pounds 


*A 4rt 


2^x2^ 


H 


7.7 


A 47 


2HX2H 


iW 


6.8 


A 4» 


2HX2H 


H 


5.9 


A 49 


2V^x2H 


^ 


5.0 


A AO 


2^ X 2^ 


4.1 


A l(KI 


24 X 2H 


^ 


S.07 


U«04 


24x2H 


H 


2.0S 


'^4 iW 


2x2 


A 


5.3 


4 hV 


2x2 


H 


4.7 


4 *>h 


2x2 


A 


3.92 


A /^« 


2x2 


M 


3.19 


A iVi 


2x2 


^ 


2.44 


tA ^i)^) 


2x2 


H 


1.65 


'•A M 


1^ X IV 


A 


4.6 


♦ A «vv 


1^ X IH 


H 


3.99 


U 4V.- 


1*4 X IV 


A 


3.39 


fA ^4 


1*4 X 1*4 


V 


2.77 


>A *w 


:\ X 1»4 


A 


2.12 


^•A A4»/ 


1-4 X IV 


H 


1.44 



A 4>, 

A «.N 

A <••■ 

A <4r, 

-A ", . 

-A ',, 

=-A ',.• 

? "'■ 



' : \ 11: 

1 - X 1 1 : 

' ■.• X i 1 : 

^ X 1*: 

^ X U4 

^4 X 1^4 

^4 X U4 

^4 X n4 

1 X 1 

1 X 1 

1 X 1 



V 

H 

A 

V 

H 



A 
H 



3.35 
2.86 
2.34 
1.80 
1.23 

2.33 
1.92 
1.48 
1.01 

1.49 
1.16 
0.80 



•^ !>•»»' 5»i 



«ft 



UNEQUAL ANGLES 



r^-'K 



!:ig 



* A 150 

to 
"A 310 



^ 



* Bpeoiiil. oM pici H. 



CARNEQIB STBBL COMPANY 



UNEQUAL ANGLES-^Continued 



r 



lv 



^1%' % 



*A89 
to 

A 168 



^ I 

J T 



\ ■ 



n 



3H— -1 

_L I 

J T 



fr-' 



-iji' K. 



10 



•A 92 

to 
*A301 



-U 



Uy,l 'H' 



*A178 

to 
*A18G 



SMition Xndfiz 


Size, 


ThicknesB, 


Wdght per Foot. 




Inohoi 


Inches 


Pounds 


*A 89 


6x4 


1 


30.6 


*A 91 


6x4 


H 


28.9 


A 160 


6x4 


27.2 


A 161 


6x4 


II 


25.4 


A 162 


6x4 


23.6 


A 163 


6x4 


M 


21.8 


A 164 


6x4 


20.0 


A 165 


6x4 


1% 


18.1 


A 166 


6x4 


H 


16.2 


A 167 


6x4 


^ 


14.3 


A 168 


6x4 


12.3 


♦A 92 


6 X 3H 


1 


28.9 


*A 93 


6 X 3»^ 


H 


27.3 


A 169 


6 X 3H 


25.7 


A 170 


6 X 3H 


H 


24.0 


A 171 


6 X 3H 


H 


22.4 


A 172 


6 X 3H 


^ 


20.6 


A 173 


6 X 3H 


18.9 


A 174 


6 X 3>| 




17.1 


A 175 


6 X 3H 


y^ 


16.3 


A 176 


6 X 3H 


u 


13.5 


A 177 


6 X 3M 


11.7 


♦A 301 


6 X 3H 


A 


9.8 


♦A 178 


5x4 


Ji 


24.2 


*A179 


5x4 


II 


22.7 


*A180 


5x4 
5x4 


21.1 


♦A 181 


II 


. 19.6 


♦A 182 


5x4 


17.8 


*A183 


5x4 


^ 


16.2 


*A184 


5x4 


14.5 


*A185 


5 X 4 


A 


12.8 


*A186 


5x4 


11.0 



* Special, see page 58. 



94 



ANGLES 



UNEQUAL ANGLES--Contmaed 






3 

I 



PVs" >w 



yi 



♦A 196 X^ 

to '^ 

A280 



3 

i 






P'^'Vi/ T 



♦A 204 

to 
♦A 97 



1 



n%' •^Mc* 



♦A 212 

to 
*A98 



3 



Size, 
Inches 



5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 

4H 

4H 

4H 

4H 

4H 

4H 

4H^ 

4H X 



X 3H 
X 3H 
X 3H 
X 3H 
X 3H 
X 3»4 
X 3H 
X 3>4 
X 3H 
X SH 



X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 



4 
4 
4 
4 
4 
4 
4 
4 
4 



X 
X 

X 
X 
X 
X 
X 
X 
X 



3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 

3H 
3H 

sy2 

3^ 

^A 
3H 
3H 
3H 



Thickneas, 
Inches 



A 
H 

A 

ft 

A 



Weight per Foot, 
Pounds 



22.7 
21.3 
19.8 
18.3 
16.8 
15.2 
13.6 
12.0 
10.4 
8.7 

19.9 
18.5 
17.1 
15.7 
14.3 
12.8 
11.3 
9.8 
8.2 

18.6 
17,3 
16.0 
14.7 
13.3 
11.9 
10.6 
9.1 
7.7 

18.5 
17.3 
16.0 
14.7 
13.3 
11.9 
10.6 
9.1 
7.7 



page 58. 



\ 



95 



CARNEGIE STEEL COMPANY 



UNEQUAL ANGLES— Continued 



*A 220 

to 
•A 2833^ 



;...ij 



' A229 

to 
"A286 



'A 238; 
A245« 



■A 262; 
A267« 



•A 339 


?i 
























•A 252 












































-Bp<nM.M.|>.< 


nsg. 



ANGLES 



UNEQUAL ANGLES--Concluded 






i.. 



*~-2 -5 


— Hi' 

♦A264 

to 
♦A623 



04 



--1H --5 

k 



^ 



* A610 

to 

* A612 






O) 



*A270 

to 
*A276 



r-iH- 







♦A 631 
-. to 
*A525 



(N 



\.. J 



-1%-' 



^.. 



*A646 

and 
*A645 



4" 

I 
I 

i ! 



L 



*A618 

to 
*A620 



L 



t 



3 



*A670 
to 

*A624 



^( 



oa Index 







Sue, 
Inches 



2H 
2H 
2H 
2H 

2H 
2>^ 



X 
X 
X 
X 
X 
X 
X 



2 
2 
2 
2 
2 
2 
2 



2HxlH 
2>^xlH 
2HX1H 

2MX1H 
2MxlH 
2MxlH 
2MxlH 
2>ixlH 

2MX1H 



2 
2 
2 
2 
2 

2 
2 



X 

X 
X 
X 
X 






xlM 
xlM 



15ixlK 
IMxlK 
IJixlM 

IHxlM 
IHxlK 



Thickness, 
Inches 



A 
A 

A 
A 

A 
A 

A 
A 
A 



Weight per Foot, 
Pounds 



6.8 

6.1 

5.3 

4.5 

3.62 

2.75 

1.86 

3.02 
3.19 
2.44 

5.6 
5.0 

4.4 
3.66 
2.98 
2.28 

3.99 
3.39 
2.77 
2.12 
1.44 

2.55 
1.96 

2.34 
1.80 
1.23 

2.59 
2.13 
1.64 



^cU, see page 58. 
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CARNEQIB STEEL COMPANY 




Woffat 



TBES 



EQUAL TEES— Concluded 




2H - 







''M 



b^ 



Til 



% 
r-— 2 %-"--■• 



^6 





04 



5-16 



»2 ' *!. 







T15 



"K, 



V4 




T18 



r-iy*^-: 




|- l%-*5 <^-l--, ^.1'.'.^ 

f^'f- im^ ^rm^ 



X U T 20 



yi6 



....-^ X 21 

'8/ 



T22 



16 



V6 



Section 


Buse, Inches 


Thickness, Inches 


Weight 


Index 


Flange 


Stem 


Flange 


Stem 


Pounds 


T 10 


2H 


2H 


Hto^ 


Mto A 


6.4 


T 11 


2H 


2H 


AtoJ^ 


Ato!^ 


5.5 


T 12 


2H 


2H 


Atoi^ 


. Atoi^ 


4.0 


T13 


2H 


2H 


MtoA 


>itoA 


4.1 


T 14 


2 


2 


Ato^ 


Atoi^ 


4.3 


T 15 


2 


2 


Mto A 


Kto A 


3.56 


T 16 


IH 


IM 


MtoA 


Hto^ 


3.09 


T 17 


IH 


IH 


Mto A 


MtoA 


2.47 


T 18 


IH 


IH 


Atos^ 


A to/. 


1.94 


T19 


IH 


i>i 


Mto^, 


Kto A 


2.02 


T20 


IH 


IK 


Ato^ 


A to A 


1.59 


T21 


1 


1 


Ato^, 


Ato A 


1.25 


T22 


1 


1 


Hto/, 


H to A 


0.89 



99 



8m:^^ \ 



JARMEUIE STEEL COMPANY 



'NEQl".LL TEE& 



0-- 



ir_ 



■ - jii"" 






?l 



'^IT" — ~' 

I 

; T a 



nrr? 



u 



^h 




- "-S 



■r 



r 52 



V 



--4fa— - 




# 



J 



m ■ 



T 33 



tf* 



fl,,rtiia 



trao 

tT5l 
tM 



5 
5 



z 

9 
9 



nufv 



*• to 5-, 

Ato A 

H«oA 
Ato»i 



lariM 



iitoH 

UtoH 
S«o A 



Jigs 



«>*. 



IliSSJS«saft5l?'l:*'": :SSSi;t"i ^^'^'>-^'^ 



11.6 

ia9 

15.7 
84 



weight 13.0 lbs. per foot. 



100 



TEBS 



UNEQUAL TEES—Cohtmued 



E 



4H— - 






09 



:% 









T56 



T 






-4Ms 



4 sM 



inl-V^ 



t U 



<a 



ID^ 



T65 




T57 






-:% 





■^% 



r-- 



;SS 



I 



"4 






wIF 



-9^ 



* ^1 



T60 



SeelioB 


Siie, Inches 


Thickneas, Inches 


Wdght 

per Foot, 

Pounds 


ladn 


Flange 


Stem 


Flange 


Stem 


T56 


4H 


2H 


HtoA 


^toA 


9.2 


T65 


4H 


2H 


AtoH 


AtoH 


7.8 


T57 


4 


5 


Hto A 


Hto A 


15.3 


T68 


4 


5 


^toA 


HtoA 


11.0 


T^56 


4 


4H 


HtoA 


HtoA 


14.4 


t^ 


4 


4H 


Ht* 


A 


11.2 
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CARNEQIB STEEL COMPANY 



UNEQUAL TEES 





^iV 




i..J. 



J*? 




aW 






CO 



-'%" 



T 63 






2:.p 



Section 
Index 



tT50 

jtsi 

T62 
T64 
T63 



Sise, Inches 



Flange 



5 
5 

4H 
4H 



stem 



3 

2H 
3H 
3 
3 



TlubkneiiB, Inches 



Flange 



Hto/, 
Ato A 
Hto A 



Stem 



HtoH 
Ato» 

HtoA 



Wdgfat 

perf^oi. 

Pounds 

11.5 

10.9 

15.7 

0.8 

84 



tT50can 
tTfflcan 



be rolled with flange H" to A", and stem 3H'': weight 13.6 lbs. per foot, 
be rolled with flange H" to A"> and stem 2^''; weight 13.0 lbs. per foot. 



100 



TEBS 



UNEQUAL TEES—Coiitinued 



E 



4H— - 



€4 



■:% 



L..f 



f" 
-•%'«- 



T56 




-"^ 






...4-'. — 



T^isr 






1 * 
t 






T57 





-V%i 



r 



;S 



I 



-4---- 



"— -*i 




4 w ■ 



1^ 






9^ 



T60 



Seetion 


Siie, Inches 


Thickneas, Inches 


Weight 

per Foot, 

Pounds 


Indes 


Flange 


Stem 


Flange 


Stem 


T66 
T66 
T67 
T68 
T'69 


4H 

4H 

4 

4 

4 

4 


2H 

2H 

5 

5 

4H 

4H 


Hto A 
AtoH 
Hto A 
^toA 
Hto A 
MtoA 


^toA 
AtoH 
Hto A 
l^toA 
HtoA 
HtoA 1 


9.2 
7.8 
15.3 
11.9 
14.4 
11.2 
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CARNEQIE STEEL COMPANY 



UNEQUAL TEES— Contmued 





4" 
— »< 



- ->^ 




L... 



Seetioii 


Biw, IncOM 


Thicknen. Inches 


Foonds 


Index 


FUnge 


Stem 


Flange 


Stem 


T61 


4 


3 


Hto A 


HtoA 


9.2 


T44 


4 


3 


AtoH 


Ato^ 


7.8 


T62 


4 


2H 


HtoA 


HtoA 


8.5 


T63 


4 


2H 


AtoH 


Ato H 


7.2 


T64 


4 


2 


Hto A 


^toA 


7.8 


T66 


4 


2 


AtoH 


Ato« 


6.7 


T66 


3H 


4 


HtoA 


Hto A 


12.6 


T67 


3H 


4 


HtoA 


HtoA 


9^ 



102 



TEES 



UNEQUAL TEES— Continued 




-8Mr- 



3V4^- 1 , 



-lyj^ 




t.. 



-8~ 




^r^ 



^& 



.5i 
"1 



T72 



■Jh^ 



-8'-- 



*-.. 




"w^H 



-j^;' 



1 



T73 



t.. 



-8- *i 




^ ' ^ f 



u 



■'/ 



-.•%u: 



T74 



I- 8 ♦• 






t..-. 




;5 






CO 



-3- 



^-;* 
^ 




^ 

A6 






/IG 



T76 



,♦— . 



— 8— •; 



eo 



^' 



t 



* ■ ^ 4 



-H- 



T77 



Section 


Sise, Inches 


Thickness, Inches 


Wejfht 

per Foot, 

Pounds 




Flange 


Stem 


Flange 


Stem 


T69 


3H 


3 


Hto A 


Mto A 


10.8 


T70 


3H 


3 


MtoA 


MtoA 


8.5 


T71 


3H 


3 


Ato^ 


H 


7.5 


T72 


3 


4 


Hto A 


Hto A 


11.7 


T73 


3 


4 


/ffto H 


AtoM 


10.5 


T74 


3 


4 


Hto A 


HtoA 


9.2 


T75 


3 


3H 


Hto/« 


Hto A 


10.8 


T76 


3 


3H 


AtoH 


AtoM 


9.7 


T77 


3 


3H 


5itof« 


f^toA 


8.5 
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CARNEQIE STEEL COMPANY 



UNEQUAL TEES— Concluded 









2 1 






,»---lH^ 



r-iv^--. • 



V4 



4^.r>^ 



i==i-« .1- 



• e 



T 519 



&i: 



Iii 



T 605 "'""X*T 603 



H" 



%' 



Section 
Index 


Sise, Inches 


Thickness, Inches 


Weighl 

perFooi, 

PooiuU 


Flange Stem 


Flange 


Stem 


T78 


3 


2H 


Hto/, 


^tOx', 


7.1 


T79 


3 


2H 


i\toH 


^toH 


6.1 


T82 


2H 


3 


Hto/n 


Mto A 


7.1 


T83 


2H 


3 


t"« to H 


Ato^ 


6.1 


T86 2H ' IH 


A to;, 


A to A 


2.87 


T87 2 \ ly^ 


Mto A 


Kto A 


3.09 


T519 IH 2 


Ato K 


AtoK 


2.46 


T605 IH IH 


Hto A 


Hto A 


1.25 


*T603 


only by special t 


H 


No. 9 


H to No. 7 


0.88 


* Furnished 


irrangement 









104 



TBBS 



MISCELLANEOUS TEES 




*T 156 




*T 157 



T 158 





.J 



Section 


Size, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


Stem 


Flange j Stem 


*T 154 
*T 156 
*T 157 
*T 158 


4H 
4 

3H 
3 


3 

2H 
2li 


See cut 
See cut 
See cut 
See cut 


^to A 
MtoH 
A to A 
A to A 


7.0 

11.3 

7.3 

7.0 



* FunuAhed only by special arrangement. 
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CARNBQIB STBBL COMPANY 



<0 



c 






ZU^ 



Mb ^^t, 



2%- 



Z 3 



-^H 



; « 

_L_ 



ZEES 



■-»■ ■* ■ 



<o 



•3H 



-L 






DI 



Z 2 



-%6 



c 






t 



8V^ 



<o 



JL 



•^A« 



"¥ 



-SH- 



Z 1 



% 



kO 



•^ 



I 



3V4 



Mo 






2»/ie 



Z G 



lO 



% 






T 



3^ 



'■51o 






^;? 



■— -2%- 

Z 5 



I 
I 



w 



.^ 



X 



r 



Z 4 






-V, 



16 



3V4 



Section 
Index 



Z3 



Z2 



Zl 



Z6 



Z5 



Z4 



Sise, Inches 



Flange 



3^ 
3/k 

3>4 

35^ 

3A 
3>4 

35^ 
3i-, 
3>4 

3H 

3 

3 

3H 
3f« 
3k 

3H 
3.V 



Web 



6H 
6 

6H 
6 

6 

5H 

^^ 

5 



Flange 



3n 

3k 

35^ 
3j% 
3>2 

3^ 
3A 

3H 

3H 

3n 

3iJ 

3^ 
3A 



Thickness, 
Inches 



II 



H 



^ 

A 



Weight 

per Foot, 

Pounds 



34.G 
32.0 
29.4 

28.1 
25.4 
22.8 

21.1 
18.4 
16.7 

28.4 
^6.0 
23.7 

22.6 
20.2 
17.9 

16.4 
14.0 
11.6 
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ZBES 



ZEES—Gonduded 




i_ 



^iT^J 



Z7 



-% 



J. 



'^s/ie' *^ 



2%; 

" 2 10 



-u 



L .2"/6 — 



CO 



;«5 



Hi' 
*Z 15 






fMr 



^^ 



*Z 16 



^---29i« 



i,.-L2%;'--j 



-— 1% 



" ! 



Section 


Size, Inches 


Thickness, 
Inches 


Weight 


Index 


Flange 


Web 


Flange 


Pounds 


Z 9 


IS 

3A 


4H 
1^' 


3^ 
3>| 
3,\r 


H 


23.0 
20.9 
18.9 


Z 8 


3A 


4H 

I-'- 


3A 


1% 


18.0 
15.9 
13.8 


Z 7 


3A 


4H 


1 3iV 


P. 


12.6 

10.3 

8.2 


Z12 


2« 


i'^ 


2% 
2H 


S 


14.3 
12.6 


Zll 


25i 
2tt 


3A 
3 


2^ 
2H 


A 


11.5 
9.8 


ZIO 


2»/i 
2« 


i'^ 


2^ 
2H 


^ 


8.5 
6.7 


*Z14 
*Z15 
*Z16 


M 




2A 


H 


9.2 
8.6 
4.8 



* Fiunished only by special arrangement. 



107 



CAKNEOtE STEEL COMPANY 




FLOOR PLATES 



TROUGH PLATES 




*M10 



■^ 




5* ^ -2M-"- >! 



/< 



914 — 



CORRUGATED PLATES 




k-1^% 



*M30 




Section 


Width, 


Depth, 


Thickness, 


Weight per Foot, 


Index 


Inches 


Inches 


Inches 


Pounds 


*M 14 


9}i 


3M 


H 


23.2 


♦M 13 


9H 


3M 


^Vie 


21.4 


*M 12 


9^ 


3M 


Vs 


19.7 


*M 11 


9H 


3M 


%6 


18.0 


♦M 10 


9H 


3% 


H 


16.3 


*M 35 


12%6 


2^ 


H 


23.7 


♦M34 


12%6 


25%6 


• 7/i6 


20.8 


♦M33 


12%6 


2^ 


% 


17.8 


♦M32 


SH 


1^ 


y% 


12.0 


*M31 


SH 


1%6 


%6 


10.1 


*M30 


8M 


I'A 


Ya, 


8.1 



* Furnished only by special arrangement. 



109 



FLAT ROLLED STEEL 



RECTANGULAR AND CIRCULAR PLATES-Caibon Steel 




BHEAfiED PLATK3. THEEE^BQTEENTH ISCHEB AKD DNDEE, EXTREME SIZES 




Ife' 


m 


Vidtha tod LoKtha in India 


■ST' 




74 


7a 


70 


68 


66 


64 


60 




Ma 


7.65 


200 


220 


240 


250 


270 


320 


37S 


77 




•No. 8 


B.73 




















•No. 9 


6.0* 






160 
















•No. 


8.47 








144 




70 
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RECTANGULAR AND CIRCULAR PLATES— Carbon Steel 




SHEARED PLATES, OfJE-FOORTH INCH AND OVER. EXTREME SIZES 
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PLAT ROLLED STBBL 





RECTANGULAR PLATES— Nickel Steel 
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RECTANGULAR PLATES— Nickel Steel 1 
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CARNBOIE STEBL COMPANY 



SQUARE EDGE FLATS 

'—Width-*: 



"■* 



Thickness 



wide, z any thickness, H"* up to width, 
wide, z any thickness, K" to 3", Inclusiye. 
wide, z any thickness, yi" to 2'\ inclusive, 
wide, z any thickness, %e'' to lH"f inclusive. 
Over 7H" to 8", wide, z any thickness, %6" to 1" Inclusive. 

Sizes not listed will be considered. 



H" 


to 3", 


Over 3" 


to 5", 


Over 5" 


to 7". 


Over 7" 


to7H" 



NUT STEEL FLATS 

All sizes of Nut Steel Flats within the range of Square Edge Flats can Ix 
furnished. Some of the smaller sizes can be furnished in coils. 



BAND EDGE FLATS 

c -Width 



j::^ Thickness 



fi". wide, z No. 18 to No. 4 B. W. G. 

%«". wide, z No. 19 to No. 4 B. W. G. 

H". wide, z No. 22 to No. 4 B. W. G. 

%6" to 1", wide, z No. 23 to No. 4 B. W. G. 

IHe" to 2". wide, z No. 22 to No. 4 B. W. G. 

2He" to 3".. wide, z No. 21 to No. 1 B. W. G. 

3He" to 3H". wide, z No. 20 to No. 1 B. W. G. 

3%6" to 4", wide, z No. 19 to No. 1 B. W. G. 

4H6" to 4M". wide, z No. 18 to No. 1 B. W. G. 

4»/i6" to 5Vio", wide, x No. 17 to No. 1 B. W. G. 

bW to 65i", wide, x No. 16 to No. 1 B. W. G. 

6i%6" to S%", wide, z No. 14 to No. 1 B. W. G. 

SiVio" to 9^", wide, z No. 12 to No. 1 B. W. G. 

lOyi". wide, z No. 12 to No. 1 B. W. G. 

From H" to 9^'' intermediate widths can be furnished. 

Ove99^" in width, the size listed is the only one which is rolled, but 
intermediate widths will be considered. 



SKELP 

All sizes within the range of Sheared Plates, Universal Mill Plates and 
Band Edge Flats can be furnished. 
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MERCHANT BARS 



n>' 



Blie Ka" to 2", InclintYB, •dvmncdng by Mtbc. 
Slie 3Hi" to 3H". laoloBlve, advancliis by 32d& 
BIze 3H<" to SH". Inclusive, advandng by 16thi. 

Sqoarsa can also be rolled to dcrliuul illmensluii^. U so UTanged. 

Squores Jf" and smaller can be fumlBhed In colls. 
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ROUNDS 



Size fit" to IH", InclDslTe. advandne by 64Uis. 

Size 1*^" to 3H". Inclusive, advandDS by 82da. 

Size SK<" to 7", Inclusive, advandng by ISttiB. 
Boimda can also be rolled to <l(iclmn,l dlmetLslons. It so : 
Bounda J4" <uid snuUer can be tumlsbed in coUi. 
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n n»" to Pi", inclusive, advancing by 64tlis. 

» iKg"to 1^". Inclusive, advandng by leths. 
s 3", an". 3". 
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Size H" to I'Ma", Inclusive, advancing by 32ds. 
Size 1^' to 3Ma". Inclusive, advancing by 16tbi. 
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AREAS OF RECTANGULAR SECTIONS— Continued 
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CARNBOIB STBBL COMPANY 



WEIGHTS OF FLAT ROLLED STEEL— Continued 
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WeiaHTS OP FLAT ROLLED STEEL 



WEIGHTS OF FLAT ROLLED STEEL— Concluded 


POUNDS PEK LINEAL FOOT 
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C^RNEQIE STEEL COMPANY 



SQl'ARE AND ROrXD BARS 
WElCiHTS AND AKEAS 
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.24S5 

306S 
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.6013 
.6903 
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1.3530 
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1.6230 

1.7671 
j 0175 
2 0739 
T 2365 

C 4053 
■2 5S02 
•2 7612 

2 94S3 

3 1416 
S 3410 
S 5466 
S 75S3 

:< 0761 

4 200t» 
4 4301 
4 6664 

4 OO'i? 

.■■»4il'.» 

5 6727 

5 9396 

«' -JlOl^ 
*vl9iv 

I' ."7 7 i 



^ 






I, 

4* 






jur Foot 



Ai«,8qBin 
Indyi 



n 






30.60 
31.89 
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ir 


4ai8 
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44.68 
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46J28 
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^ 
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54.40 
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59.62 
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61.41 


^ 


a'1.23 


65.08 


T^ 


66.95 


^ 
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^1 
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i? 
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7S.74 


80.80 


« 


82.89 
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.29.30 

30.42 
■31.55 

• 32.71 

! 33.89 

35.09 

36^1 

37.55 

38.81 

4aio 

41.40 



9.000 

9.379 

9.766 

10.160 

10.563 
10.973 
11.391 
11.816 

12.250 
12.691 
13.141 
13.598 

14.063 
14.535 
15.016 
15.504 



42.73 16.000 

44.07 16.504 

45.44 17.016 

46.83 17.535 

4&23 18.063 

49.66 18.598 

51.11 19.141 

52.58 19.691 



54.07 
55.59 
57.12 
58.67 

60.25 
61.85 
63.46 
65.10 



20.250 
20.816 
21.391 
21.973 

22.563 
23.160 
23.766 
24.379 



85.00 66.76 25.000 
S7.14 68.44 25.629 
89.30 = 70.14 > 26.366 



91.49 

93,71 

95.96 

9S.23 

100.53 

102.85 
105.20 
107. 58 
109.98 

112.41 
114.87 
117.35 
119.86 



71.86 ; 26.910 

73.60 27.563 

75.36 28.223 

77.15 28.891 

78.95 20.566 



80.78 
82.62 
84.49 
86.38 

88.29 

90.22 

92.17 

194.14 



I 






30.250 
30.941 
31.641 
32.348 

33.063 
33.785 
34.516 
35.254 



" ni»i>n : o<^'«6 



122.40 . 96.13 86.000 



7.069 
7.366 
7.670 
7.980 

8.296 
8.618 
8.916 
9.281 

9.621 

9.968 
10.321 
ia680 

11.045 
11.416 
11.793 
12.177 

12.566 
12.962 
13.864 
13.772 

14.186 
14.607 
15.033 
15.466 

15.904 
16.349 
16.800 
17J57 

17.721 
18.190 
18.666 
19.147 

19.635 
20.129 
20.^ 
21.13» 

22-Jg? 

22221 
33!22l 

23.7^ 
2*-22o 
&^ 

J8.1J74 
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WEIGHTS OP BAR 








SQUARE AND ROUND BARS 








WEIGHTS 


AND AREAS 






lochea 


WdgfatLbs. 
per Foot 


Area, Square 
laches 


Siie. 

T _V 


Weight. Lbs. 
per Foot 


Area, Sqoaie 
Inches 


D 


o 


D 


o 


InuMi 


D 


o 


D 


. o 

• 


6 
ft 


122.40 
124.96 
127.65 
130.17 


96.13 

98.15 

100.18 

102.23 


36.000 
36.754 
37.516 
38.285 


28.274 
28.866 
29.465 
30.069 


9 


275.40 
279.24 
283.10 
286.99 


216.30 
219.31 
222.35 
225.41 


81.000 
82.129 
83.266 
84.410 


63.617 
64.504 
65.397 
66.296 


S 


132.81 
135.48 
138.18 
140.90 


104.31 
106.41 
108.53 
110.66 


39.063 
39.848 
40.641 
41.441 


30.680 
31.296 
31.919 
32.548 




290.91 
294.86 
298.83 
302.83 


228.48 
231.58 
234.70 
237.84 


85.563 
86.723 
87.891 
89.066 


67.201 
68.112 
69.029 
69.953 


^ 
f* 


143.65 
146.43 
149.23 
152.06 


112.82 
115.00 
117.20 
119.43 


42.250 
43.066 
43.891 
44.723 


33.183 
33.824 
34.472 
35.125 




306.85 
310.90 
314.98 
319.08 


241.00 
244.18 
247.38 
250.61 


90.250 
91.441 
92.641 
93.848 


70.882 
71.818 
72.760 
73.708 


i 


154.91 
157.79 
160.70 
163.64 


121.67 
123.93 
126.22 
128.52 


45.563 
46.410 
47.266 
48.129 


35.785 
36.450 
37.122 
37.800 


II 


323.21 
327.37 
331.55 
335.76 


253.85 
257.12 
260.40 
263.71 


95.063 
96.285 
97.516 
98.754 


74.662 
75.622 
76.589 
77.561 


7 

1 


166.60 
169;59 
172.60 
176,64 


130.85 
133.19 
135.56 
137.95 


49.000 
49.879 
50.766 
51.660 


38.485 
39.175 
39.871 
40.574 


10 

ft 


340.00 
344.26 
348.55 
352.87 


267.04 
270.38 
273.75 
277.14 

t 


100.000 
101.254 
102.516 
103.785 


78.540 
79.525 
80.516 
81.513 


1 


178.71 
181.81 
184.93 
188.07 


140.36 
142.79 
145.24 
147.71 


52.563 
53.473 
54.391 
55.316 


41.282 
41.997 
42.718 
43.445 




357.21 
361.58 
365.98 
370.40 


280.55 
283.99 
287.44 
290.91 


105.063 
106.348 
107.641 
108.941 


82.516 
83.525 
84.541 
85.563 


1 


191.25 
194.46 
197.68 
200.93 


150.21 
152.72 
155.26 
157.81 


56.250 
57.191 
58.141 
59.098 


44.179 
44.918 
45.664 
46.415 


A 
'A 
H 


374.85 
379.33 
383.83 
388.36 


294.41 
297.92 
301.46 
305.02 


110.250 
111.566 
112.891 
114.223 


86.590 
87.624 
88.664 
89.710 


i 


204.21 
207.62 
210.86 
214.21 


160.39 
162.99 
165.60 
168.24 


60.063 
61.035 
62.016 
63.004 


47.173 
47.937 
48.707 
49.483 


8 


392.91 
397.49 
402.10 
406.74 


308.59 
312.19 
315.81 
319.45 


115.563 
116.910 
118.266 
119.629 


90.763 
91.821 
92.886 
93.957 


8 

S 


217.60 

?2i.oi 

224.45 
227.92 


170.90 
173.58 
176.29 
179.01 


64.000 
65.004 
66.016 
67.035 


50.265 
61.054 
51.849 
52.649 


11 

s 


411.40 
416.09 
420.80 
425.54 


323.11 
326.80 
330.50 
334.22 


121.000 
122.379 
123.766 
125.160 


95.033 
96.116 
97.205 
98.301 


1 


231.41 
234.93 
238.48 
242.05 


181.75 
184.52 
187.30 
190.11 


68.063 
69.098 
70.141 
71.191 


53.456 
54.269 
55.088 
55.914 




430.31 
435.11 
439.93 

444.78 


337.97 
341.73 
345.52 
349.33 


126.563 
127.973 
129.301 
130.816 


99.402 
100.510 
101.623 
102.743 


1 


246.65 
249.28 
252.93 
266.61 


192.93 
195.78 
198.65 
201.54 


72.250 
73.316 
74.391 
75.473 


56.745 
57.583 
58.426 
59.276 




449.65 
454.55 
459.48 
464.43 


353.16 
357.00 
360.87 
364.76 


132.250 
133.691 
135.141 
136.598 


103.869 
105.001 
106.139 
107.284 


1 

if 


260.31 
264.04 
267.80 
271.59 


204.45 
207.38 
210.33 
213.31 


76.563 
77.660 
78.766 
79.879 


60.132 
60.994 
61.863 
62.737 


II 


469.41 
474.42 
479.45 
484.51 


368.68 
372.61 
376.56 
380.54 


138.063 
139.535 
141.016 
142.504 


108.434 
109.591 
110.754 
111.923 


9 


275.40 


216.80 


81.000 


63.617 


12 


489.60 


384.53 


144.000 


113.098 
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CARNSaiB- STEEL COMPANY 



COLD TWISTED SQUARE BARS 
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^JT^^ 


•"te'" 
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4.0000 


13.600 
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11.953 


3.0825 


10.413 


IM 


2 
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IM 
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IH 
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8006 


6.428 


IH 
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1 


2656 
0000 
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9SB 
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76Se 
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60S 
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246 
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6625 
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913 


'M. 





4727 
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007 


H 





3906 


1 


328 


tt< 
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076 


H 





2500 


0.860 


Mt 
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0.661 
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a478 


He 





0977 


asaa 
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0625 


0.213 
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CONCRETB REINFORCEMENT BARS 



DEFORMED. BARS 



CUP BAR 




Section 
>-^..,.^^^ Index 


Siae. 
Inches 


Weight per Foot, 
Pounds 




^ 1528 


IH 


7.e5 




'^M 1530 


IH 


5.31 




'^M 1531 


IH 


4.30 




^M 1532 


1 


3.40 




'•M 1633 


H 


2.60 




♦M 1534 


H 


1.91 




♦M 1535 


H 


1.33 




•M 1536 


H 


0.85 




•M 1537 


H 


0.48 





* Furnished only by special arrangement. 
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CARNEQIE STBBL COMFANV 



DEFORMED BABS— Continued 




SpamBu— Tn»A 


C<mM«iB<,«B«-1^B 


■ '. <«> 


•M1SS0 




S.31 


1 2.70 


•M 1551 






\ 1.95 


•M 1552 


H 




*t 1-SS 


•MIK3 ' 








■M 1554 ; 


H 






•M 1565 ' 


H 




I 


•M155S ; 


H 


aS7 



CONCRETE REINFORCEMENT BARS 



DEFORMED BARS— Continued 



LUG BAR— TYPE A 



LUG BAR— TYPB B 





Rolled for Corrugated Bar Oo. 



HERRINGBONE BAR 






Rolled for Corrugated Bar Co. 




3n 


Siae, 


Weight per Foot, 


Section 


Size, 


Weight per Foot, 


X 


Incheii 


Pounds 


Index 


Inches 


Pounds 


Lug Bar— Type A 


Lug Bar— Type B 


78 


IH 


5.31 


*M 1648 


IJi 


5.31 


'/7 


IH 


4.30 


♦M 1647 


IH 


4.30 


/6 


1 


3.40 


♦M 1646 


1 


3.40 


76 


H 


2.60 


♦M 1645 


H 


2.60 


/4 


H 


1.91 


♦M 1644 


H 


1.91 


/3 


% 


1.33 


♦M 1643 


H 


1.33 


72 


H 


0.85 


♦M 1642 


H 


0.85 


79 


Tie 


0.65 


♦M 1641 


H 


0.48 


71 


^ 


0.48 


♦M 1640 


H 


0.21 


7o 


M 


0.21 









Herringbone Bar 



Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


*M 1673 


I 'A 


5.13 


♦M 1672 


IH 


3.62 


*M 1671 


1 


2.38 


*M 1670 


Vs 


1.72 


♦M 1669 


H 


1.28 


*M 1668 


% 


0.91 



** only by special arrangement 
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CAlRNBQIE STEEL COMPANY 



DEFORMED BARS--Continued 

HAVEMBYEB SQUABS BAR HAVEMEYER BOUND 





Boiled for Concrete Steel Co. 
HAVEMEYER FLAT BAB ELOANNES BAB 





Boiled for Concrete Steel Co. 



Boiled for Elle Cannes 



Section 
Index 



Size, 
Inches 



Weight per Foot, 
Pounds 



Havemeyer Square Bar 



Section 
Index 



Size, 
Inches 




Weight 



Havemeyer Roond Bar 



♦M 1599 


IH 


*M 1609 


IH 


♦M 1608 


IH 


♦M 1607 


IH 


♦M 1606 


1 


♦M 1605 


H 


♦M 1604 


M 


♦M 1603 


H 


♦M 1602 


H 


♦M 1601 


H 


♦M 1598 


%6 


♦M 1621 


^ 



7.66 
6.43 
5.31 
4.30 
3.40 
2.60 
1.91 
1.33 
0.85 
0.48 
0.33 
0.21 



*M 1629 
*M 1628 
♦M 1627 
*M 1626 
*M 1625 
*M 1624 
*M 1623 
♦M 1622 
*M 1600 





Hayemeyer Flat Bar 



Elcannes Bar 



Section 



♦M2230 
♦M2231 
♦M2232 
♦M 2233 
♦M2234 
♦M2235 
♦M2236 
♦M2237 
*M2238 



Siie, 
Inches 



lMx%e 

IMx % 
lHx%e 

1 x^ 
1 x_K 



Wdght per Foot, 
Pounds 



Section 
Index 



2.98 
2.60 
2.23 
2.55 
1.91 
1.59 
1.59 
1.28 
0.8.5 



♦M 1901 
♦M 1902 
*M 1903 
*M 1904 
*M 1905 
*M 1906 
♦M 1907 
*M 1908 



Size, 
Inches 



1 

H 
H 
H 

H 



Weight 



* Funiishod only by special arrangement. 
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CONCRETE REINFORCEMENT BARS 

DEFORMED BARS— Continued 

WING BAR— TYPE B 



WING BAR— TYPE 




Balled for Tnused Ooncrete Steel Co. 



tBE BIB BAB— TYPB A 



BOUND Bra BAB— TYPB B 




Rolled [or Tnigsed Concrete Steel Co. 



,3 


a 


3.70 


•M1509 


3H 10.2 


12 


K 




•M 1510 
*M 1SI6 


m ! 6.8 
2K 1-8 


Bmiin Rib Bar-Type A 


RouDd Rib Bat— Type B 


3 i Sat. 


Weight pa Foot, 




Si«. 


tVdcht per Fool, 














IR 




S.31 


*M2608 




1.17 


17 


iM 






•M2507 


IM 


3.38 








40 


•M2S06 






1ft 




V 


BO 


■M2S05 




2.01 


14 


H 






•M2504 


H 




la 


H 








H 






16 


< 




*M2502 




0,67 






< 




•M2501 




0.38 


10 


Ji 





21 









CARNEGIE STEEL COMPANY 



DEFORMED BARS— Cdntinued 

MONOTYPE BAR 




Rolled for Philadelphia Steel and Wire Co. 



WING BAR 




Rolled for 
Thomas Reinforcement Co. 



SLANT RIB BAR 




Rolled for 
Mississippi Valley Construction Co. 



Section 


Size, 


Weight per Foot, 


Section 


Size, 


Weight per Foot. 


Index 


Inches 


Pounds 


Index 


Inches 


Pounds 


Monotype 


3 Bar— Equivalei 


at to Square 


Monotype Bar— Equivalent to Round 


*M 2161 


IH 


6.39 


*M 2161 


l>i 


4.24 


♦M 2162 


IH 


4.37 


*M 2162 


IH 


3.43 


*M 2153 


1 


3.45 


♦M 2163 


1 


2.71 


♦M 2154 


H 


2.64 


♦M 2164 


H 


2.08 


♦M 2165 


% 


1.94 


*M 2165 


H 


1.53 


♦M 2156 


% 


1.35 


*M 2166 


H 


1.06 


*M 2157 


H 


0.86 


*M 2167 


H 


0.68 


♦M 2158 


% 


0.49 


*M 2168 


H 


0.38 


Wing Bar 


Slant Rib Bar 

1 


*M 2135 


2)i 


5.08 


*M 1297 


Wa 


5.31 


*M 2134 


2 


4.02 


♦M 1296 


1 


3.40 


♦M 2133 


1^ 


3.06 


♦M 1295 


H 


2.60 


♦M 2132 


IH 


2.08 


♦M 1294 


Va 


1.91 


♦M 2131 


IH 


1.08 


*M 1293 


H 


1.33 








*M 1292 


H 


0.85 








*M 1291 


H 


0.48 








*M 1290 


H 


0.21 



* Furnished only by special arrangement. 
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CONCRETE REINFORCEMENT BARS 



DEFORMED BARS— Continued 
SCOFIELD BAB THACHEB BAB 





MONOLITH BAB 




Section 


Siw, 


Weight per Foot, 


Section 


Siae, 


Weight per Foot, 


Tndpx 


Inches 


Pounds 


Index 


Inches 


PouhHa 


ScoBeld Bar 


ThacherBar 






E^nlnlnt to Boond 








*M 1969 


IH 


6.01 


♦M 1546 


XH 


5.20 


*M 1968 


IH 


4.17 


*M 1545 


IM 


3.55 


*M 1967 


IH 


3.38 


*M 1544 


1 


2.32 


♦M 1966 


1 


2.67 


*M 1543 


% 


1.79 


*M 1965 


H 


2.04 


*M 1542 


% 


1.34 


*M 1964 


H 


1.50 


*M 1541 


H 


0.92 


*M 1963 


H 


1.04 


♦M 1540 


H 


0.58 


*M 1962 


H 


0.67 








*M 1961 


% 


0.38 

EqttlT«limt to Sqiuurt 








*M 1583 


H 


1.33 








*M 1582 


H 


0.85 








*M 1581 


^ 


0.48 











Monolith Bar 




Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


*M 1500 


IH 


7.65 


*M 1508 


IM 


5.31 


♦M 1507 


1 


3.40 


*M 1517 


H 


1.91 


♦M 1506 


% 


1.33 


*M 1505 


H 


0.85 


*M 1504 


% 


0.48 



* Furnished only by special arrangement. 
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CARNEGIE STEEL COMPANY 



FACING BAR 
*M1663 




Boiled for Concrete Steel Co. 

GIRDER BAR SECTIONS 
*M 1852 

Customer's No. 704 




*M:1853 

CoBtomer's No. 706 



riyii 




.-* 



m • 



WASHBOARD SECTION - TYPE A 

*M1521 




WASHBOARD SECTION - TYPE B 
V. *M 1522 



yA__/■^^ 







-6^- 



BoUod for Trussed Concrete Steel Co. 



Section 
Index 


Size, 
Inches 


*M 1663 
*M 1852 
*M 1853 
*M 1521 
*M 1522 


IKxlM x^o 
4 xl>ix%6 

1 X 1 X %3 

6Hx %3X%a 
6Mx JJieX^a 



Wei^t per Foo(» 
Poonds 



1.46 

4.1 

1.52 

3.20 

3.95 



*Rolled only by special arrangement. 
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CONCRETE REINFORCEMENT BARS 

HANGER BARS 



(i%H^ s V- AhJM.*-'-' 



~w 



"ITTli 



"M^MSSl "rI r ^K *M982 -^1^ 

ru — 7144-J- ru, — Tij^-n 




prt^.„« f:(|t#"" 



Ui^^y^ 



Section 


a. 


Thickws. 


"fi"* 


-M980 

*M985 
•M9S1 

•M 984 




1 


< 


i 
1 
i 



CAJtNECIE STEEL COMPANY 



GROSS TIE SECTIONS 



5^ 




i 



M 21 '^' 














^t 






Width of Fhui^m 



."Web 



i Wflkht 

Top, Inches Bottcm. IndM ^'■*« Ftomids 

.1 - 



5 
5 
5 

4 
3 



10 
10 

S 

s 

6 
5 



^ie 






29^ 
24.0 

2ao 

14.5 
9i» 



ti... 



.'I*i'l1' "« 1' MB** o| «-J,(y.; <-,.,j,e ,.j^ Jj • 



r^'n^ ii: a Kpumte f"n*M oa Steel j 



\t^A 



CROSS TIES 



CROSS TIE SECTIONS— Concluded 



M27 




U .— Isj^ 




M20 










— 6' 




8/* 



M18 S 




M26 




K- 



i^hc- 



*>!*'Vie 






^^ 



M19 '?;;J^=^d!^?WT^ 



Section 


Depth, 


Width, 


Web ThicknesB, 


Weight per Foot. 


Index 


Inches 


Inches 


Inches 


Pounds 


M 27 


2>i 


7 


^ 


9.0 


m: 20 


2 


6 


%6 


6.0 


-M. 18 


IH 


5 


%2 


4.0 


:M 26 


1%6 


4i5ie 


K 


3.20 


I^ 19 


M 


4 


'»/64 


2.50 



pull . information as to uses of steel cross ties is given in a separate pamidilet on Steel Cross Ties. 
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CARNEQIB STEEL COMPANY 



A. 8. C. E. RAXIS AND LIGHT RAII^ 



GJUT 



VH'fitfvl. 





b 




■i , 


[ 


g 


r 


i 


j 


k 


lu In. 


Iq. la, ' iB. 


Id. 


In. 


Id. 


In. 


u. 


In. 


-v■^l|5^ 


ii-i lit 


3^, 


44 


iV 


!Vft 


A 


a 


V. 


^■^\5H 


^M HI 


iiS 


it 


vv 


!M 


A 


W 




M 


JA 


2ft 


HI 


HM 


11 


A 


UJ 














iW 






jj 


'if. 


A 


w 


ft 


■iU 


*« 


^t 


m 


'-ii\ 


V. 


u 


■iff. 


A 


w 






4?, 


■A't 




'^\\ 














1,'- liV 




lA 


HH 


\\ 


H 


Ill 


A 


w 


A 


l>i *3* 


■iH 


lA 


ZJt 


II 


n 


>tlj 


A 


w 














^^ 










■*M s?i 


aw 


lis 


•-^ 


« 


,'. 


n? 


A 


» 


A 


^ii 9tl 


2 


lA 


n\ 


n 


K 


Hi 


A 


w 


A 




IW 


lA 


m 




i) 


IW. 


iV 


M 


A 


Vi.a'A 


IV 




111 


II 


ti 


1» 


A 


<j 


A 










u 


ii 


tt 








-V. iH 


m 


H 


lit 


H 


» 


1-it 


W 


w 


A 


J*. ^H 


m 


H 


HI 


.'. 


W 


1 


V 


A 




J'i a** 






Hi 




A 


1. • 








y.'. i.v 


1.V 


H 


lA 


I,\ 


M 


t 


A 


A 








A 


lih 


\\ 


A 


f 


A 


A 




>%i m 


ti 


M 


U 




A 


H 


A 


A 




^\ 


Ift 


rt 


W 


u 


A 


A 


(1 


A 


A 





AMERICAN RAILWAY ASSOCIATION RAIIfl 












SERIES 


A 
















S«ti™ 


■«■ 


. 


b 


iz 


d 


e 


i 


g 


Ti 




i 


k 


1 




In. 


In. 


In. 


In, 




In. 




In. 


1b. 




10020 


100 


d 


5H 


2'4 


lA 


3« 


lA 


,". 


2U 


1^ 


H 


,■- 








fiW 


5H 


lift 


Ml 


a,v 


1 


A 


iiitH 


W 


^ 


A 


A 


8020 




-5H 


4W 


2« 


IV. 


s« 


?f 


1) 


2A 


N 


% 




1"- 




70 


*^ 


■ly 


fi« 


in 


aii 


im 


H 


2(? 


H 


H 


V. 


tV 


6020 




4W 


^ 


2M 


iM 


m 


H 


11 


KiJ 


M 


^ 


A 


A 






3- 


i 


1. 1 . 1 d 








i ' t 


1 




In. 


In. 


In. 


In- 


211 




In. 


In. 


In. 


Id. 


A 


In. 


10030 


100 


6W 


■6A 


2H 


11! 


A 


2flfl, 


« 


A 


9030 


M 




■1(1 


^A 


uv 


2!« 


ItS 


A 


2(1 


w 


A 


A 


A 


8030 














1 




l!iH 


H 


-.'. 


A 


A 


•7030 




43i|4A 


a;^ 


IS} 


211 


11 


J! 


^,!. 


^ 


n". 


A 


.'. 


•S030 


60 


mI^h 


iM'.m 


2,^ 


h 


i\ 1 iJi 


^ 


A 




■^ 


•NotPolW 


byCimegiea 


tesK 


l»np. 


w. 



























CARNBQie STEEL COMPANV 














SPLICE BARS 




A. a. 


C.E. RAILS AND L 


OBT RAILS 




SlOMOloSiSW SSMOtoSSOlO B254 


d 92M0 


81640 to 5940 




"""'"""■ X 






l_, 


u- 


j 




^kTI^ .3 




-'-1 J. 




l-?r 


=n 


l" •- 


„-_,ri;:s 


^-W^- 




\ 




r 


"Tn'" 


1 


s 








■ 


4-pn 








S"!"^ 




t"!- 


i 


i 


: 




3 


■' 


La: 




xj.- 








? 




i 


^ 


■L '^- 


^^3 














t. 


^~7^-C>, 
















F-->---'- 








Beotion 


S 


a 


. 


c 


■^ 


a 


T 


B 


b 


. 


J 


k 


I 


Inda 






























Pounds 


lo. 


Id. 


Id. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


Ib. 


In. 




S 10040 


15.80 


3A 


liJ 


]] 


>^ 


H 


1!^ 


M 


1^ 


!1 


A 


3M 


i* 


8 9040 




21! 


1J4 


■H 


ii 


il 


lA 


H 


lil 


Jl 


11 


211 


M 


B 8540 


12.40 


HH 


1« 


li 


II 


ii 


lA 


W 


;^ 


ti 


A 


S!I 


M 






25S 


ni 


it 


H 


n 


IW 


ft 


J* 


» 


A 


2W 


A 


a TMO 




mi 


m 


H 


!i 


A 


lil 


A 


4« 


H 


^ 


Sit 


A 


6 7040 


10.00 


2J! 


HI 


1! 


U 


u 


l:ft 


A 


ti 


li 


U 


2M 


A 






2^i 


Hi 


*1 


ii 


«l 


li) 


ft 


!£ 


ii 


A 


2» 


A 


S 8040 




2J! 


m 


H 


H 


H 


lA 


A 


M 


M 


Ab 


3.V 


» 


a 5510 


7.50 


2il 


m 


11 


U 


fS 


iK 


A 


M 


M 


A 


sA 


« 






2ft, 


iK 


n 


Si 


M 


lA 




K 


»i 


A 


2A 


U. 


S 4540 




1« 


lA 


a 


>4 


11 


31 




11 


11 


A 


Ifl 


>* 


S 4040 


G.OO 


IBl 


!1 


H 


V 


)i 


i! 




-A^ 


A 


tI. 


I« 


^ . 






I3t 


1^ 


11 




A 


li 




j^ 


11 


A 


ill 


A 




S 3040 




m 


n 




H 


A 


i! 




i! 


H 


A 


Hi 


A 




S 2640 


2.20 


m 


'A 


-ij 


lit 


A 


il 


^ 


M 












a 3040 




HI 


11 


5i 


A 
























Hi 


■il 


a 


A 




















S 1440 


1.38 


lA 


iS 


A 


A 




















B 1240 




lA 


il 


/. 


,% 






















0.9S5 


■fjt 


SS 


A 


H 
























0.747 


IJ 


/. 


A 


A 






















BpliMBHiHlOOWtoBSO 


W, iaoluiiv*, ue r« A. 3. i 


.E. lUili 


I 




SpU»B«S4M0ti>SU 


0. iaa1U9ii<,araratLiElit B 


lib. 


1 
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SPLtCB BARS 

SPLICE BARS— Concluded 
AHBBIOAH RAILWAY ASSOCIATION I 



8BBIE8 A 








li5S!d 


. 


b 





d 


. 


< 


, 


.^ 





i 


•1' 


. 


iDdB 




In. 


I. 


In. 


In. 


Tb. 


In. 


In. 


m. 


In. 


I-. 


lo. jIn. 






P«lDd. 




9 10020 


19.04 


3H 


lij' M 


^ 


4« 


IM 


lA 


5i 


)i> 


1 


^ |3A 


% 


a fl02( 


10.B4 


aw 


13} » 


4t 


(* 


u 


lU 


1! 




■tl 


;v 3 
















IK 


iH 












B 702( 


11.64 


m 


IH H 


M 


Ail 


lA 


lA 


li 


ill 


V, 


U 2ft 


4I> 


9 6020 


10.03 


HI 


m u 


H 


It 


IH 


iti. 


f}. 


M 


u 


T^l aft 


H 





S 10030 


















SS030toS6030 






^"S^ 


~*n 








,1. 


aS..' t 


'£j 


r 


■d.::--"- ™=n.sB "j; 


^^_ ..„H^ 




f^^ 




1^ 


...-^^^-^ 






















fe 


n'^\ 


. 


1) 


» 


d 


. 


. 


* 


8! 


li 


i 


j 

In. 


^ 


1 






In. 


In. 


Id. 


In. 


In. 


la. 


In. 


In. 


In. 








































•3 10030 


10.02 


m 


m 


^1 


13 


41 


IJJ 


IJ, 


^% 


A 


#1 


4A 


3t*. 


^ 








Hil 








1A 
















■< «U3I 




21) 


Ml 


« 


*i 


T-A 


1-?, 


l-l- 


1! 


■AV 


% 


H 


2H 


H 


'« 703( 


11.90 


2H 


liV 


« 


■^1 


VA 


iA 


41 


*i 


^ 


at 


flfl, 


-iiV. 


V, 




o-w 




IW 


H 




,% 


lA 




'• 


a 






2A 


u 



*Sat nOBit t^ Cuuiig Stael Compuj. 



CARNEQIB STEEL COMPANY 



l«?iii|E S^ SS 



SS3 



a 



-^^^m.^^ ^ — 



'Ml 



■JsSii^ 



':" jjsjss; 






||S| 

"It 



JilliilllP 



III 



RAIL ACCESSORies 





.^. 












T' 


>-J_ 




■t 


a<a' 









'1 -C-'-IpA 



^■" J Ci^Hi^^Xia^ 



13 



.%.*.%---«-& 



».JC», 


li>^» 


Pouida 




BiulBeotion ■ 


103 
114 
118 

108 


2HX2 

Hixlli 

3^X2 


4,4 
2,3 


0.84 


lOOtoBOlb. A. S. C, E.Kalla. 
50 to 20 lb. A, S, C. E. Rails. 
100 to 60 lb. R. B. RttilB. 
100 to eo lb. A.S.C.E. Anglo Bare 



CARNEQIE STEEL COMPANY 



PIPE— BLACK AND GALVANIZED 



aTANDAKD PIPE 





'W.W '"'" 




LKi. 


CoupUos. 




Pi™ 


Tl«d. 


Di««t« 


Lmglh, 


Wdgkl. 


"* 


' 


End* 


Cooplilv! 




lisha 


lDch« 


Pound. 


... 


:tw ■•xn 


.244 


.245 


27 


.662 


H 


.029 


'*! 


;(>4 .i«W 


.424 

.587 




668 


18 


-686 
.848 


1 

m 


.043 
.070 


•0 


■ ■■:i-J AM 


.sao 




8fi2 




1.024 


IM 


.IIB 


■0 


-^* iia 


1.130 


1 


134 




1.281 


IM 


.808 




,1.(11 Tjj 


l.«78 




6S4 


IIM 


1.S76 


m 


Ml 






--•.272 






IIH 


1.960 


2M 


.sm 


w , 


■ ..Ul ' IJ 


J.717 


2 


731 


UH 


2.218 


2« 


.743 




',IU. IJ* 


3.ai2 


3 


678 


iiH 


2.760 


2M 


iM 




...y iM 










3.2T6 


2Ji 


1,720 






7.576 




616 




3.MS 


3M 


2.4(8 




, .!<• , 31* 


U.108 


9 


202 




4.691 


3M 


4.M1 




,.j« , ■.*- 


io.rao 


10 


889 




5.091 


3H 


4,711 






v^.ina 




042 






3M 


BJ41 














6J»6 


4M 


8.M1 




, , ,^v '«j 


■S.-171 


19 


1S5 




7.358 


4M 


Bjit 




,.4.. .01 


.u.;>u 


23 


7ag 




8-35S 


4H 


10.« 






.Mi.iilW 


2S 


000 




9.3S8 


4)i 


13.Wi 










809 






4»i 


13.905 , 




, 1,. 'IJ 


,U.li07 


^ 


188 
000 




10.35S 




1T3» 














11.721 


6>i 


sssn 
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6lj 


29.«TT 


.'. '■ 




I........' 


.LD 






1:I.7T:1 


6?i 


XLiS> 




,.,.' ...1 


1.1..,. 1 


-IS 


000 




13.94S 


B'i 


asm 






iu.-rtia 










fi4 


43.0* 














ISJSK 


S"^ 


iriS 






,.„,,» 


iM 


J7S 


s 


16.446 
17.416 


6',' 


i9.4B 




^C*IPE— BLACK AND GALVANIZED— Concluded 



'l^T: 



R4 STRONG PIPE DOUBLE EXTRA STKONG PIPE 



\ 




















































FouDds 


.,^. 






Foundi 


i^ 


™i 


iDteroid 


™l» 


Endi 




EiUimJ 




Fkk 
EDda 






nn-s 




^ 


-840 


252 


"M 


1714 




























































ivi 




























































m I 
























KKI 




MMJ 








3.600 








WH 


















































































KM) 




iH4 


:ii« 






5,503 


4.063 


750 


;<> 


55a 
























































f 


■m 






:i7fi 










H75 


7a 


4M4 




































Fumlahxl »jth plwi cod 


nnd 


D randoDi 


























































per colli. 


u 


i! 


758 


H 


750 


600 


00.075 
77:431 


above and Ifl per cebi. baluw 
M oeights and dimimaoiiB 


pe, 1 


per cent, 
niwi. 






000 

















( 














Tbickn 


[S, Inr^bci 














«s 


% 


^i= 


ti 


,1. 


^ 


« 


% 


1 


ffi^^3 






63 371 


72 001 


.n7,» 


8B37B 


100 134 


















































































































ih. 


IIP 








i81.6BZ 
































































































H4 


OKO 


no 


0U7 


136.491 
136.172 


140 


ss 


156 


"'3 


202.255 






^ 






138 


787 
132 


157:532 


104 
176 


mJ 


I9fi 


081 


134:286 
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CARNEQIB STEEL COMPANY 



SCREW THREADS 



AMEBICAN BBIDaS COMPANY 8TAMDABD 



iioiAM, RoDSf Etb Bars, Txtrnbuckles, Sleeve Nuts, and Cleyisbs 




I •^_ _^<» ^ _^ 



'lM4i 




1, 




u 




H 




H 




vi 




y* 


, 


H 




y* 




i 




iu 




»''4 




iv; 




i>: 




•>4 




»■>/ 




^^K 




X 




^■A 




^4 




^;i 


X 



Not, 

<*. 

lu. 

.2U4 
.4410 
MH 

.I'M 

i/ib 
f <>!.'< 



1 Ar«a 


Number 

of 
Threads 


Duuneter 


Area 


ToUl 


Net 


Total. 


Net. 


Total 


Net 


i)U..a. 

Hq.in. 
.049 


Dia., 0, 
Sq.In. 


uioh 


d, 


c. 


l>ia..d. 


Dia.,c, 


In. 


In. 


Sq.In. 


Sq.In. 


.027 


20 


2H 


2.175 


4.909 


3.716 


.110 


.068 


16 


2^ 


2.300 


5.412 


4.156 


.196 


.126 


13 


2% 


2.425 


5.940 


4.619 


.ao7 


.202 


11 


2% 


2.550 


6.492 


5.108 


442 


.302 


10 










.001 


.419 


g 


3 


2.629 


7.069 


5.428 




3M 


2.879 


8.296 


6.509 


.7Mfi 


.551 


8 


3H 


3.100 


9.621 


7.549 


.994 


.693 


7 


^H 


3.317 


11.045 


8.641 


1.227 


.890 


7 








■ 


1.4HA 


1.054 


6 


4 


3.567 


12.566 


9.993 


1.707 


1.294 


6 


4M 


3.798 


14.186 


11.330 


2.074 


1.515 


5H 


4H 


4.028 


15.904 


12.741 


2.105 


1.744 


5 


4H 


4.255 


17.721 


14.221 


2.701 


2.049 


6 


5 


4.480 


19.635 


15.766 


;i.l42 


2.H00 


4H 


6)i 


4.730 


21.648 


17.574 


;i.rii7 


2.649 


4H 


6H 


4.953 


23.758 


19.268 


;ioyo 


3.021 


4H 


65i 


5.203 


25.967 


21.262 


1.1 :iO 


3.419 


^H 


6 


5.423 


28.274 


23.095 



liOLT HEADS AND NUTS 

4%lk.ttlOAN BBIDQE COMPANY BTANDABD 



/, 



-J?-1 



k *• 




Number 

of 
Tbnadi 

pa 
loeh 

4 
4 
4 

4 

3H 

3 
3 

2H 
2% 

2H 
2H 
2% 
2% 

2\L 




liiiiuihinl Nut 

f : » 



Rough HcmI 



RuriMdHetfl 



» •«•!! KiA i\ Via" ;i.5d+H'' 



0.5 f 1.5d-i-H«*'0.5f-^«' . 



ti ,.i l|i.4<U i»uil Nutu, the American Biidte Coa^utf kM adcfvxl^ 
.'< . .,, .»..« 1 '.-.i.tUtJiiiiy kuown aa United States! 
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BOLT HEADS AND NUTS, DiusNaioHB in Inchbb 






3M 



-^ 



-n^—lf 



m 



2 



BOLT THREADS, Length in Ihcbes 



Leoc^. 



Diuoflter, iDchu 



IH 




IH 


■ihi 


IH 




2W 


2H 


■2'A 


3 


2ii 





CARNEQIE STEEL COMPANY 



BOLTS WITH SQUARE HEADS AND NUTS 

AMSRIOAN BBIDOB COMPANY BTANDABD 



Weight in Pounds per 100 Bolts 



Length 
Under 






• 


Diameter of Bolt 


, Inches 




• 




Head. 
Inches 


y* 


%6 


% 


Tie 


Mi 


% 


% 


% 


1 


1 


4 


7 


11 


15 


22 


37 


56 






IH 


4 


7 


11 


16 


23 


39 


59 






IH 


6 


8 


12 


17 


24 


41 


62 






1% 


5 


8 


13 


18 


26 


43 


64 






2 


6 


9 


14 


19 


27 


45 


67 


101 


144 


2>i 


6 


9 


16 


20 


28 


47 


71 


104 


160 


2H 


6 


10 


15 


21 


30 


49 


74 


109 


166 


2H 


6 


10 


16 


22 


31 


51 


77 


113 


161 


3 


7 


11 


17 


24 


33 


54 


80 


117 


167 


3H 


7 


12 


18 


25 


35 


58 


86 


126 


178 


4 


8 


13 


20 


28 


38 


62 


92 


134 


189 


4H 


9 


14 


21 


30 


41 


66 


98 


142 


198 


5 


10 


15 


23 


32 


43 


71 


104 


161 


209 


6H 


10 


16 


25 


34 


46 


76 


111 


169 


220 


6 


11 


17 


26 


36 


49 


79 


117 


168 


232 


^H 






28 


38 


52 


84 


123 


176 


243 


7 






29 


40 


55 


88 


129 


185 


264 


7H 






31 


42 


57 


92 


136 


193 


265 


8 






32 


45 


60 


97 


142 


202 


276 









34 


49 


65 


106 


154 


218 


298 


10 








53 


71 


114 


167 


235 


320 


12 








61 


82 


131 


192 


269 


364 


14 




• 






93 


148 


217 


303 


409 


Per Inch 
Additional 


1.4 


2.2 


3.1 


4.3 


5.6 


8.7 


12.5 


17.0 


22.3 



SQUARE NUTS AND BOLT HEADS 

AMERICAN BRIDGE COMPANY STANDARD 

Weights in Pounds for One Head and One Nut 



Diameter of Bolt, 
Inches 



Square Head and Nut.. 



IVi 



2.05 



Weight of Shank per Incb| .3477 



IVa 



3.51 
.5007 



1% 

5.48 
.6815 



8.08 
.8900 



2Vj 



16.6 
1.891 



26.2 
2.008 
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BOLTS WITH HEXAGON HEADS AND NUTS 



Wbioht in PotJNDB PER 100 Bolts 



Length 


DisiDEtaoffiait, Inchn 


Length 
Unda 
Held. 


Dkmtla ol Boil, IncW 


H<»d. 


14 


% 


« 


% 


1 


W 


« 


% 


'.6 


1 


IS 

an 

3H 

l" 
t" 

AM 

p 

75i 


21 
26 
2? 

33 

37 
3S 

41 

15 

48 
10 

63 
55 

S6 


33 

40 
43 
45 

51 
64 

S6 

60 

68 

79 
81 

8S 

flo 


fi2 
64 

60 

66 
60 

78 
82 

90 

103 

115 
119 
133 

131 


B3 


132 
US 

176 
IfeO 

107 
202 

235 
252 


a 

Shi 

9H 
10 
lOM 

ilM 

12H 

13H 

14>^ 

15>S 

iflH 

17H 

18M 

19M 


58 

71 

80 
83 
85 

91 

103 
105 

lie 


92 

109 

127 
131 

148 

165 
170 

187 


156 
102 

181 
187 

206 
212 

237 

263 
26S 


104 

238 
244 

270 
278 

295 
301 
312 

346 
355 

381 


2M 

285 
296 
307 
318 

362 
363 

385 
398 
407 

441 


Pa Inch 


5.6 


8.7 


12.5 


17.0 


22.3 


Fm Ineb 

AdditidlBl 


... 


8.7 


13.5 


17.0 


22.8 



HEXAGON NUTS AND BOLT HEADS 



Weights in PonwDs for One Head and One Nut 



DiuKter of Bolt, 
India 


1V4 


IVi 


IVt 


3 


3» 




:eia«OD Head tttid Nut., 
i-elsbt of Sbank pa- Incb 


.3477 


2.96 
.5007 


.6816 


.8900 


13.0 


2.003 



£:4ft>£ClE ST^sL COMPAKY 



Vr^KT ^CKEW 



TOR SQUARE BABS 







Fltcii and Shape of Thremd A. B. Oo. Staodanl 





BAK 








UPSET 




re 




1 

' Anm. 


'Weight 


Dismeter 




Additkmal 


ftt 


A] 


fikkar 


1 




1^1 


Fwt. 


b, 
laohfli 




for 

TJpMt 


fiontof 
Tkread 


At Root 
of 




Ineba 


■ 


Lis. 


1 
1 




■ffi- 


c, 

lachet 


Tlrad, 
Sq.IodMB 




• H 


« 

a563 


1.91 


IH 




4 


0.939 


0.693 




• 14 


a766 


2.60 


1^ 




3H 


1.064 


0.890 




1 


1,000 


3.40 


IH 


* 


4 


1.283 


1.294 




IH 


1.266 


4.30 


IH 




3H 


1.389 


1.515 




IH 


1.563 


5.31 


i?i 


43^ 


4H 


1.615 


2.049 




IH 


1,S91 


6.43 


2 


*H 


4 


1.711 


2.300 




m 


2.250 


7.65 


2k 


5 


5 


1.961 


3.021 




IH 


2,641 


S.<IS 


2H 


5 


4H 


2.066 


3.419 




IH 


S.063 


10,41 


2H 


5H 


4H 


2.175 


3.716 




i-% 


3.516 


ll,9i5 


2H 


5?^ 


5 


2.425 


4.619 ! 


2 


4 000 


13.60 


2H 


6 


5 


2.550 


5.108 


2S 


4516 


15.35 


3 


6 


*k 


2.G29 


5.428 : 


2H 


5 OTvS 


ir.2i 


3k 


6H 


5k 


2.S79 


6.509 


5S 


.^641 


I^.IS 


3^t 


< 


6k 


XlOO 


7.549 


5U 


f\.2M^ 


21 25 


3k 


< 


« 


3.317 


8.641 


?H 


<\»c^| 


2.^ 4.t 


3 k 


« 


«^k 


3,317 


8.641 


VS 


:.?W3( 


2.^ n 


4 


'H 


6k 


3.5«7 


9.993 


y*^ 


k.ZfVft 


2* !0 


4k 


5s 


7k 


3.79S 


11.330 


* 


V.<KW 


TKSiWS 


4k 


Si 


6 


3,;«i 


11.330 


»x* 


V riH- 


M?i 20 


4k 


^k 


« 


4.02S 


12.741 


?t^ 


lO.fVOft 


?l?. o? 


«k 


?^k 


:^k 


4.2SS 


14.221 


•''(••'I* iwwfc**'* 


w* %»*"»i 











\«i 



UPSET SCREW ENDS 



UPSET, SCREW ENDS FOR ROUND BARS 

AMXBICAN BBIDaS COM PANT STANDARD 





Pitch and Shape of Thread A. B. Co. Standard 



BAR 



UPSET 



0.442 
0.601 



1 

Weight 

Irot, 
Lbs. 


Diameter 

b, 

Inches 


Length 

a, 
Inches 


Additional 
Length 

for 
Upset 

Inches 


1.50 


1 


4 


4 


2.04 


IM 


4 


5 


2.67 


IH 


4 


4 


3.38 


IH 


4 


4 


4.17 


1% 


4 


4 


6.06 


IH 


4 


4 


6.01 


2 


4H 


4>^ 


7.06 


2H 


4H 


4 


8.18 


2H 


5 


4 


9.39 


2H 


6 


4 


10.68 


2H 


6)4 


4 


12.06 


2H 


5H 


3H 


13.52 


2% 


6 


4H 


16.06 


3 


6 


4H 


16.69 


3>i 


6^ 


6H 


18.40 


3)i 


6H 


4H 


20.19 


3H 


7 


5>^ 


22.07 


35i 


7 


6 


24.03 


3K 


7 


6 


26.08 


4 


7^ 


6 


28.21 


4 


7H 


6 


30.42 


4Ji 


8 


5H 


32.71 


4>i 


8 


6 


35.09 


4^ 


SH 


5H 


37.55 


4% 


SH 


6 


40.10 


4Ji 


SH 


5H 



T^l ftTYl AflAP 


Ai 


at 
Root of 
Thread 

c. 
Inches 


At Root 

of 

Thread, 

Sq. Inches 


0.838 


0.651 


1.064 


0.890 


1.158 


1.064 


1.283 


1.294 


1.389 


1.516 


1.490 


1.744 


1.711 


2.300 


1.836 


2.649 


1.961 


3.021 


2.086 


3.419 


2.176 


3.716 


2.300 


4.156 


2.550 


6.108 


2.629 


5.428 


2.879 


6.509 


2.879 


6.509 


3.100 


7.549 


3.317 


8.641 


3.317 


8.641 


3.567 


9.993 


3.567 


9.993 


3.798 


11.330 


3.798 


11.330 


4.028 


12.741 


4.256 


14.221 


4.255 


14.221 



Excess 
Over 

Area of 
Bar, 

% 

24.7 
48.0 

34.2 
30.2 
23.6 
17.6 

30.2 
27.7 
25.6 
23.8 

18.3 
17.2 
28.4 
22.6 

32.6 
20.3 
27.1 
33.1 

22.2 
30.3 
20.6 
26.6 

17.8 
23.4 
28.8 
20.6 



* are special. 
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CAK!«EaiE STEEL COMPANY 



.>K1>1>AKY KYK BJiB 



c\:v- 



ADJUSTABLE BYE BAB 



:Q.zu[3ii3 j 



imam l«ii^ of abort sbl from cen 
piD to and dT tatw, V-t". prefenbly 

Iliad OS ihort end to be left bund. 
, Pitcb ud Ebape of Tbreui i. B. 




LOOP RODS 



LOOP RODS 



AMBBICAN BBIDQB COMPANY 8TAMDABD 






Risrht Thread 



Left Thread ^ ^ .^.J/§PS^.\ 

V_ a JT"^^ ^""^Mln. Len^ 4I7" l-5-'JF°rTurnbuckle " 
^1^ ~""*t-8."-JFor Sleeve Nut 

Pitch and Shape of Thread A. B. Co. Standard 
ADm-rioNAL Length "A" in Feet and Inches for One Loop 

A=4.17p+5.89r 



Diam. 
of 



Diameter or Side "r" of Rod in Inches 



I'm, 
P 


% 


% 


1 


m 


U4 


1% 


m 


1% 


1% 


1% 


2 


IH 


^Q}i 


0-10 


0-11 


O-llH 


















0-10 
0-11 
1-0 


0-10J4 
0-llH 
1- OH 


0-llH 
1- OH 

1- 1>^ 


1- 
1- 1 
1- 2 


1- 1 
1- 2 
1- 3 


1- 2H 
1- SH 


1- 4H 


1- 6 


1- 6 






2 


1- 1 


1- IH 


1- 2H 


1- 3 


1- 4 


1- 4H 


1- 5H 


1- 6 


1- 7 


1- 7H 


1- 8H 


2Ji 
2« 


1-2 
1-3 
1-4 


1- 3 
1- 4 
1- 6 


1-3H 

1- 4H 

1- 6H 


1- 4H 
1- 5H 
1- 6H 


1- 6 
1- 6 
1- 7 


1- 5H 
1- 7 
1- 8 


1- en 

1- 7H 
1- SH 


1- 7 

1- 8 

1- 9H 


1- 8 
1- 9 
1-10 


1- 8H 
1- 9H 
1-11 


1- 9H 
1-iOH 
i-UH 


3 


1-6 


1- 6 


1- 6H 


1- 7H 


1- 8 


1- 9 


1- 9H 


1-iOH 


1-11 


2- 


2- OH 


♦3K 
3H 


1- 6 
1-7H 


1- 7 
1- 8 
1- 9 


1- 7H 
1- 8H 
1-10 


1- 8H 
1- 9H 
1-lOH 


1- 9 
1-10 
1-11 


1-10 
1-11 
2- 


1-lOH 
1-llH 
2- OH 


1-1 IH 
2- OH 
2- IH 


2- 
2- 1 
2- 2 


2- 1 
2- 2 
2- 3 


2- IH 
2- 2H 
2- 3H 


4 


1-9H 


1-10 


1-11 


1-llH 


2- OH 


2- 1 


2- 2 


2- 2H 


2- 3 


2- 4 


2- 4H 


•4Ji 
4H 




1-11 
2- 
2- 1 


2- 
2- 1 
2- 2 


2- OH 
2- IH 
2- 2H 


2- m 

2- 2M 
2- 3H 


2- 2 
2- 3 

2- 4 


2- 3 
2- 4 
2- 5 


2- 3H 
2- 4H 
2- 5k 


2- 4H 
2- 6H 
2- 6H 


2- 6 
2- 6 
2- 7 


2- 6 
2- 7 
2- 8 


5 




2- 23^ 


2- 3 


2- 3H 


2- 4H 


2- 5 


2- 6 


2- 6H 


2- 7H 


2- 8 


2- 9 


»5K 






2- 4 
2- 6 
2-6 


2- 5 
2- 6 
2- 7 


2- 5H 
2- OH 
2- 7H 


2- 6 
2- 7H 
2- 8H 


2- 7 
2- 8 
2- 9 


2- 7H 
2- 9 
2-10 


2- 8H 
2- 9H 
2-lOH 


2- 9 
2-10 

2-llH 


2-10 
2-11 
3- 


6 






2- 7 


2- 8 


2- 8H 


2- 9H 


2-10 


2-11 


2-llH 


3- OH 


3- 1 










2- 9 
2-10 
2-11 


2- 9H 
2-lOH 

3- 


2-lOH 
2-llH 
3- OH 


2-11 
3- 
3- 1 


3- 
3- 1 
3- 2 


3- OH 
3- IH 
3- 2H 


3- IH 
3- 2H 
3- 3H 


3- 2 
3- 3 
3- 4 


7 








3- 


3- 1 


3- IH 


3- 2H 


3- 3 


3-3H 


3- 4H 


3- 5 



^^ marked * are special. Maximum shipping length of * 'r'=35 feet. 



151 



CARNEGIB STEEL COMPANY 




Jl 



Bad 


Nut 


Fiuk 


ii 


■ 1 • rp 


' 


* 


y 


.,.r" 






, 1 ' 


u 




2ii 


xa 


3 


iwa>*]iH 


1 


3rt 


iw 


5 


4 


4 




Ill 










1*1 


H*, 


I%1 








n k!2>) 


ih 


ah 


ajs 


5 


2)*3Jt2^ 


m 


*M 


2h 


7 










41. 


<h 


6 


3 la la lai* 


5*t 


2N 


3 






lai* k1»^,.2!^ 


BJ» 


6 4 




OA 


ax. 




« 





(liM.VUt NVUBBRS FOR VARIOrS RODS A! 




~~^ - 




TIJHNBUCKLES AND SLEEVE NUTS 








TUHNBUCKLES AND SLEEVE NUTS 




XXBBICJLK BBIDQS C 


OMPAHT BTIRDAHD 




All DlmcDflloDS In Inches 




Tdenbitcklbs 


SLEEVE NUTS 




-^l,__«...__^.. 


,4-j.4:;yA~ 




1 « i ; r-*^ 






ectieix^m 


&4 


Si 


CIJ 




— 1 — 










'»nd 


diaiH or Uinad, A. B. Co. Btadurd. 


Pildi=nd»h.pcrfthn*i.A.B.C 


Bfandud 


Stuidard D- ■ 










, 




If 


z 






IJ 


























d 


' 


" 


' 


■ 


b 


e<2 




'^ 


' 


» 


*> 


" 


' 


es 


i 


A 


7« 


A 


A 


M 


lA 


I 




















it 


?A 


% 


>i 


^ 


iJi 




















i 


H 


7M 


% 


M 


>i 


IH 




















i 


11 


7Ji 


11 


A 


« 


lA 


IH 


















i 


it 


7Ji 


It 


A 


U. 


lA 


IH 


















i 


i« 


SJi 


lA 


H 


H 




2 


















i 


ift 


8M 


1« 


^ 


1 


2W 


3 


K 


iH 


7 


IW 


iji 


m 


M 


3 




IW 


B 


JA 


A 


IK 


2A 


4 


1 


m 


7 


IH 


m 


IM 


!^ 


. 3 


^ 


Hi 


m 


tA 


M 


IW 


3A 




IM 


lii 


'M 


2 


2A 


IH 


A 


4 


H 


iJS 


9ii 


lA 


Ji 


m 


2M 




IM 


lii 


7M 




Si*^ 


IH 


A 




^i 


aA 


!0H 


n* 


yi 


m 


3A 


7 


m 




8 


2N 


2H 


IH 


H 


6 


»i 


2Ji 


lOH 


m 


H 


iw 


SA 




IM 


2 




SH 


2Ji 


IH 


H 


S 


H 


v. 


10« 




H 


IK 


3>S 


10 


IN 


2M 


SH 


2% 


3A 


iK 


A 


s 


H 


an 


u« 


m 


H 




3M 




15i 


3M 


m 


2}i 


St-. 


m 


A 




Ji 


2H 


n?i 


2A 


ii 


2}^ 


aj^ 


12 


1^* 


!t!6 




AH 


SN 


2M 


W 


10 
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RIVETS 



STRUCTURAL RIVETS 

AMBRICAN BBXDOB COMPANY 8TANDABD 

Dimensions in Inches 
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GENERAL Formulas for Proportions of Rivets, in Inches 

f a- -n 

Pull driven head, diameter, a=1.5 d + H" 

depth, b=0.425a 

" radius, c=b 

" radius, e=1.5b 

^ Countersunk head, depth, f=0.5d 




«« 



^ s J 



* 



•• diameter, g=1.577 d 
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STRUCTtTRAL RIVETS 



Lenqths of Field Ritbts for VABioua Gbipb 

Dimensions In Incbea 
-Gcip, »• ff-Grip, a- .-Grip, b-^ f— Grip, b— i 
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STRUCTURAL RIVETS 



Wktqht in Pounds per 100 Rivets with Button Heads 
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CARNEQIE STEEL COMPANY 



AMERICAN BRIDGE COMPANY 
SPECIFICATIONS 

FOR 

STEEL STRUCTURES 
Design, Details op Construction and Workmanship 

Adopted 1912 

DESIGN 

1. Loads. The steel frame of all structures shall be designed 
so as to safely support the dead and live loads. The dead load shall 
consist of the weight of all permanent construction and fixtures, 
such as walls, floors, roofs, interior partitions, and fixed or permanent 
appliances. The live load shall consist of movable loads on fioors, 
loads due to machinery or other appliances, and the exterior loads 
due to snow on the roof and to wind. 

2. For structures carrying traveling machinery, such as cranes, 
conveyors, etc., 25 per cent shall be added to the stresses resulting 
from such live load, to provide for the effect of impact and 
vibrations. 

3. The wind pressure shall be assumed acting horizontally in 
any direction as follows: — 

First: For finished structures — A pressure of 20 pounds per 
square foot on the sides and ends of buildings and on the vertical 
projection of roof surfaces, or 

Second: In process of construction — A pressure of 30 pounds 
per square foot on vertical surfaces and the vertical projection of 
inclined surfaces of all exposed metal or other frame work. 
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CONSTRUCTION SPECIFICATIONS 



4. Unit stressei. All parts of structures shall be proportioned 
) that the sum of the dead and live loads, together with the 
npact, if any, shall not cause the stresses to exceed the following 
mounts in pounds per square inch: 

Tension, net section, rolled steel loooo 

Direct compression, rolled steel and steel castings I6000 

Bending, on extreme fibers of rolled shapes, 

built sections, girders, and steel castings I6000 

Bending on extreme fibers of pins 24000 

Shear on shop ri"^ets and pins 12000 

Shear on bolts and field rivets 10000 

Shear — average — on webs of plate girders and 

rolled beams, gross section 10000 

Bearing pressure on shop rivets and pins. 24000 

Bearing on bolts and field rivets 20000 

Pressure per linear inch on expansion rollers shall not exceed 
}0 times the diameter of rollers in inches. 

Axial compression of gross sections of columns, for 

ratio of Z/r up to 120 19000 — lOO lit 

with a maximum of 13000 

where i^=effective length of member in inches, 

r=corresponding radius of gyration of section in inches. 

For ratios of Ijr up to 120, and for greater ratios up to 200, use 
e amounts given in the following table. For intermediate ratios, 
e proportional amounts. 



Ratio 


Amount 


Ratio 


Amount 


60 


13000 


130 


6500 


70 


12000 


140 


6000 


80 


11000 


150 


5500 


90 


10000 


160 


6000 


100 


9000 


170 


4500 


110 


8000 


180 


4000 


120 


7000 


190 


3500 



5. For bracing and combined stresses due to wind and other 
idingy the permissible working stresses may be increased 25 per 
at — provided the section thus found is not less than that required 

the dead and live loads alone. 
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PROPORTION OP PARTS 



^' CimtnL The effective or unsupported length of main 
ii'*u*ptitm\on members shall not exceed 120 times, and for secondary^ 
fi^Kibent 200 times, the least radius of gyration. 

7 In proportioning columns, provision must be made for 
^.•f-^uir'u: loading. 

H. Ill pro{)ortioning tension members, net section must be used. 
hivtzi holcH d<;ducted must be taken yi inch larger than the nominal 
iijuk. i,i riv(?tM. 

M<tmbors subject to the action of both axial and bending 
4A«<T«<4*A nhall be proportioned so that the greatest fiber stress will 
{*/,i t-kMU'ti the allowed limits in that member. 

ih .Mf tabors subject to alternate stresses of tension and 
fj»(hi>tt^iiti'u»ii Hlmll be proportioned for the stress giving the largest 
M'y.t.itfh, but thf^ir connections shall be proportioned for the sum of 

i I iHt^mm, Rolled beams and channels, and built-up members 
.»4^./t u< \tt'ixiutt and girders shall be proportioned by the moment 
'.f iumiU of thoir gross sections. 

i2 I'latc girdor webs shall have a thickness not less than Vlw 
f,l lu*', Mitftii|i|)ort(*d distance between flange angles. The webs 
<»..»tl >ii»v<- jBrifTcncrH, generally in pairs, over bearings, at points of 
.^,,,'jhiiixU'ii loiiding, and at other points where the thickness of 
f.»./. yv»'>» le U'itiH than Veo of the unsupported distance between 
n-it^ii*: aogl'^n, g<!n<?rally not farther apart than the depth of the web 
j,»mJ.«.. «vnh It maximum limit of 6 feet. 

j.j 'I !.<•. Ia!<-ral unsupported length of beams and girders shall 
,. '.. .+M:i.«l 10 I iriK^H the width of the compression flange. When the 
.....:.M'j»''<»''^ liTiigth (/) exceeds 10 times the width (6) of the ^ 
. ....j.<':*^*o<i Hung**, the stress per square inch in the compression 
»i..,/, •:»«"^ll '»'»*^ <-xcced 19000 — 300 f/6. 



IlKI'AILS OF STEEL CONSTRUCTION 

, I ^.<m«/a1 AMjuHtable members in any part of structures shall 

, . .t.\ ,• •. - .».=/oi<i*d. 

, , •■ i ;/...* eliull preferably be made symmetrical. 
,^i, .» , ./.iw>i:'.ii'iit,*-xcepl\ aU\Ci^ bMre, shall havelesa than two rjyete-ll^ 
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CONSTRUCTION SPECIFICATIONS 



17. Trusses shall preferably be riveted structures. Heavy 
trusses of long span, wher.e the riveted field connections would 
become unwieldy, or for other good reasons, may be designed as 
pin-coxmected structures. 

18- Abutting joint in compression members faced for bearing 
shall be spliced sufficiently to hold the connecting members accu- 
rately in place. All other joints in riveted work, whether in tension 
or compression, shall be fully spliced. 

19. Lateral, longitudinal and transverse bracing in all structures 
shall preferably be composed of rigid members, and shall be designed 
to be sufficient to withstand wind and other lateral forces when 
building is in process of erection as well as after completion. 

20- Girdew, When two or more rolled beams are used to form a 
girder, they shall be connected by bolts and separators at intervals 
of not more than 5 feet. All beams having a depth of 12 inches and 
more sball have at least two bolts to each separator. 

21. The flange plates of all girders shall be limited in width, so 
as not to extend more than 6 inches beyond the outer line of rivets 
connecting them to the angles, or 8 times the thickness of the 
thinnest plate. 

22. Web stifPeners shall be in pairs, and shall have a close bearing 
against the flange angles. Those over the end bearing or forming 
the connection between girder and column shall be on fillers. 
Intermediate stiffeners may be on fillers or crimped over the flange 
angles. 

23. Web plates of girders must be spliced at all points by a 
plate on each side of the web, capable of transmitting the full stress 
tbrough splice rivets. 

24. Bivetiiv. The minimum distance between centers of rivet 
holes shall be three diameters of the rivet; but the distance shall 
preferably be not less than 3 inches for J^-inch rivets, 23^ inches 
for 5^-inch rivets, 2 inches for ^-inch rivets, and IJ^ inches for 

i/^inch rivets. The maximum pitch in the line of the stress for 
members composed of plates and shapes will be 6 inches for J^-inch 
rivets, 6 inches for J^-inch rivets, 4}^ inches for ^-inch rivets and 
4 inches for }^-inch rivets. 

25. For angles in built sections with two gage lines, with rivets 
staggered, the maximum pitch in each line shall be twice as great 
as given above. Where two or more plates are in contact, rivets 
not more than 12 inches apart in either direction shall be used to 
bold the plates together. 
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26* Tbe minimoizi dist&Dcse from the eentcr oC any liret hole 
to a fibefuCTd tdgt fehall be 1 ^ iBchee for J^-inch liTdOy 13^ iiidiei 
for %'mth TJTetB^ 1}4 iBcbes for ^'i-inch rivetSy and 1 inch for 
^incL riveU; &nd to a rolled ed^e, 1)^, 1}^, 1, and >g inebe8» 

reBpectiTf^y. 

27. Tbe maximam distance from any edge shall be eight times 
tbe tbickneas of tbe plate. 

2S. Tbe pitch of rivets at tbe ends of built compression memberB 
shall not exceed four diameters of tbe rivets for a length equal to 
one and one-half times tbe maximum width of the member. 

29. Latticiaa- The open sides of compression members shall be 
provided with lattice bars, having tie plates at each end and at 
intermediate points where tbe lattice is interrupted. The tie 
plates shall be as near tbe ends as practicable. In main membeis 
carr^^ing calculated stresses, tbe end tie plates shall have a length 
not loss than the distance between tbe lines of rivets connecting 
thorn to the flanges, and intermediate ones not less than half 
tl.is distanco. Their thickness shall not be less than ^ of the 
8an.o dist«inco. 

30. Tho latticing of compression members shall be proportioned 
lo rosist a sh oaring stress equal to 2 per cent of the direct stress. 
Tho minimum thickness of lattice bars shall be for single lattice, 
'4<t. :tn<l for doublo lattice, Veo of the distance between the end 
rivi'is. Thoir minimum width shall be as follows: 

Tor lo-inoh channols, or 
biiilt soot ions with ^'^2 ^^^(^ 4-inch angles, 2 J^ inches (J^inch rivets). 

I'or r2-lO-nnd 0-inoh channols, or 
1>!;.]1 v«vtions with o^inoh angles 2Ji inches (J^-inch rivets). 

IVr s-nnd 7-inol\ ohannols, or 
1 Ml ill Mvlis>ns witli i^-j-inoh angles 2 inches (J^inch rivets). 

Vov (>-an«l .'^-inol^ ohannols, or 



];;ih ., 



1 ions with 2-inoh angles l?i inches (J^inch rivets). 

M Th,^ inolination of lattice bars with the axis of the member 
fc. :.. » ^]]\ hr not loss than 45 degrees. When the distance 
. . : w . . n 1 )., 1 n • 1 lin.^s in t ho flanges is more than 15 inches, ii * 
.-.in.;. ?.\.t Ivn ip usod. tho lattice shall be double. 

> I J* i-nl. o< lMtii,v iMunootions. along tbe flange, divided 
i » ! ;.« ,. '.M t i.hiii .li uyvMtion o{ the member between connections, 
*i ..M I : ; It It •.-..- 1 1 '1 1 . 1 1 . . iN^i n\w 1 ^v.^ . ' ; •'tg rat io of the member as a whole- 
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CONSTRUCTION SPECIFICATIONS 



Pins. Pin holes shall be reinforced by plates where necessary, 
ist one plate shall be as wide as the projecting flanges will 
where angles are used, this plate shall be on the same side as 
igles. The plates shall contain sufficient rivets to distribute 
portion of the pin pressure to the full cross section of the 
>er. 

Pins shall be long enough to insure a full bearing of all parts 
cted upon the turned-down body of the pin. Members 
id on pins shall be held against lateral movement. 



WORKMANSHIP 



The workmanship shall be equal to the best 
ice in modern structural works. Shearing shall be done 
rately, and all portions of the work exposed to view shell be 
ly finished. 

Panchinff. The diameter of the punch shall not be more 
%6 inch, nor that of the die more than 3^ inch, larger than 
liameter of the rivet. Punching shall be done accurately, but 
►ccasional slight inaccuracy in the matching of holes may be 
Bcted with reamer. Drifting to enlarge unfair holes will not 
illowed. 

^ Rivetinff. The size of rivets shall be as called for on the 
IS. Rivets shall be driven by pressure tools wherever possible, 
umatic hammers shall be used in preference to hand driving. 
2t8 shall look neat and finished, with heads of approved shape, 
and of equal size. They shall be centered on the shank and 
1 grip the assembled pieces firmly. 

I' Assemblins. Riveted members shall have all parts well 
led up and firmly drawn together with bolts before riveting 
ommenced. Contact surfaces shall be painted. Abutting 
ts shall be cut or dressed true and straight and fitted closely 
ither. In compression joints depending on contact bearing, the 
aces shall be truly faced, so as to have even bearing after they 
riveted up complete and when perfectly aligned. The several 
es forming one built member shall be straight and shall fit 
ely together, and finished members shall be free from twists, 
ds or open joints. 

\ ^; . 
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39. Eye Ban. ^ye bars shall be straight and true to siz 
shall be free from twists, folds in the neck or head, or any 
defect. Heads shall be made by upsetting, rolling or fc 
Welding will not be allowed. Before boring, each eye bar si 
perfectly annealed and carefully straightened. Pin holes si 
in the center line of bars and in the center of heads. Bars 
same length shall be bored so accurately that, when 
together, pins %2 inch smaller in diameter than the pin hoh 
be passed through the holes at both ends of the bars at the 
time. 

40. Pins. Pins and rollers shajl be turned accurately to 
and shall be straight, smooth and entirely free from flaws. Pii 
shall be bored true to gages, smooth and straight, at right 
to the axis of the member and parallel to each other, unless 
wise called for. Wherever possible, the boring shall be don( 
the member is riveted up. The distance from center to cer 
pin holes shall be correct within %2 inch, and the diameter < 
hole fiot more than Vso inch larger than that of the pin foi 
up to 5 inches diameter, and %2 inch for larger pins. 

41. Bed Plates. Expansion bed plates shall be planed tru 
smooth. The cut of the planing tool shall correspond wi1 
direction of expansion. 

42. Annealing. Steel, except in minor details, which ha 
partially heated, shall be properly annealed. Welds in ste 
not be allowed. All steel castings shall be annealed. 

43. Painting. Steel work, before leaving the shop, sh 
thoroughly cleaned and given one good coating of such pa 
may be called for, well worked into all joints and open spa< 

44. In riveted work, the surfaces coming in contact si: 
painted before being riveted together. 

45. Machine-finished bearing surfaces coming in contac 
similar surfaces should be coated with white lead and tallow 
shipment. 

46. Inspection. The manufacturer shall furnish all facilit 
inspecting and testing the weight, quality of material and 
manship. He shall furnish a suitable testing machine for 1 
the specimens, as well as prepare the pieces for the machine 
charge. 

47. He shall give the inspector for the purchaser free 
to all parts of the works where the material under insped 
manufactured. 
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ELEMENTS OF SECTIONS 

Definitions 

In the computations of structural designing, certain mathematical 
pressiond are used to designate the values of structural shapes in 
le various conditions under which they are subjected to stress. 
1 the pages which immediately follow, these values, usually called 
roperties, are given in United States measurements for shapes 
ommon in structural designs, and are defined as follows : — 

A— Ax«a of Section, expressed in square inches. 

z — ^Radiwi of Gyratioii. The distance in inches from the center of 
moments of a section to the point or line at which its area is consid- 
sred concentrated. The radius of gyration of a section referred 
to any axis is always the square root of the moment of inertia 
of the section referred to that axis divided by the area. 

I— Moment of Inertia. The summation, expressed in inches to the 
fourth power, of the products of the elementary areas of a section 
by the squares of their distances from its center of gravity or 
I other axis assumed for purposes of computation. 

I S— Section Modnlns. The moment of inertia divided by the distance 
\ (n) from the axis of moments to the extreme fiber. In an unsym- 
aetrical section there are two section moduli for each axis of 
moments, the least of which determines the safe unit stress. 

Nentral Axis. Axis of moments through center of area. 

X and y. The distance or distances in an unsymmetrical section 
from the back or working line of the section to the center of gravity 
of the section. 

The section modulus is used to determine the stress in the extreme 
fiber of a shape subject to bending by dividing the bending moment 
by the section modulus, both expressed in like units of measurement. 
It is also used vice versa in the selection from a table of shapes of 
the proper section required to support a load by dividing the bend- 
ing stress by the allowable fiber stress, both in like units of weight. 

The radius of gyration is used to ascertain the safe load any 
8©ctioii or shape will sustain when used in compression as a strut 
or column. The unbraced length of the section divided by the 
radius of gyration is denominated the ratio of slenderness. 

The elements of steel sections are based upon the theoretical 
dimensions given in the pages which precede. No account has been 
taken of fillets or rounded corners, neither have any approximations 
oatered into any of the calculations. 
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d2-Kii3 
d 
2 
d*-di* 

12 
d*-di* 
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> — (i (J 



V 
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HOLLOW SQUARE 
Axis of moments on diajronal 




d2-di« 

d*-di* 
12 

Si-i = 6 \'2d 
ri-i 



A 

X 

Ii-i 



0.117861 -5^ 



V 
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160 



ELEMENTS OP SECTIONS 



RECTANGLE 
of moments throni^ center 




14 jj — .1^ 



A 

X 

Ii-i 

Si-i 

ri-i 



bd 
d 
2 

bd« 

12 

bd« 

d 
VT2~ 



= 0.288676d 



RECTANGLE 
Axis of moments on base 
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X 

i 
I 



1^- 




A 

X 

Ii-i 

Si-i 

ri-i 



bd 

d 

bd« 
3 

bd« 
3 

d^ 
3 



= 0.677360d 



RECTANGLE 



Ajus of moments on diagonal 



/'^. 
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X 

Ii-i 

Si-i 



= bd 



bd 



Vb2-f-da 

b8 d8 
6 (ba+d«) 
bada 

6Vb2+d3 

bd 



»^i-i = V 6 (b2+d3) 



RECTANGLE 

Axis of moments any line 
tiaroiiffh center of cravity 




A 

X 

Ii-i 

Si-i 
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_ b sin tt -f d cos a 
~" 2 

__ bd (ba sing a + da cosa g) 
"" 12 

_ bd (ba sina g + da cosa g) 
~ 6 (b sin g + d cos g) 

_ A / ba sina g + da cosa ^ 
— \ 12 



H:0LIX)W RECTANGLE 
yjg of moments throuarh center 
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d 
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^^-^ = 6d- 
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AS» Ogf OMHMSto 
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12 (bi -2 b) 



<i 
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^2 (ba-r4bbi-»-biaf 



TRAPEZOID 



.-•-bi^ 
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X 
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(i (b - bi) 
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d« (b4-3bi) 

12 
d» rb 4- 3 bi) 

12 



V^ >/ b + bi 



aBGTn^AR POLYGON 
AsEi* of momorts tbroocb 



n 
A 



Number of Sides 




X = R=-> 



2 sin <f» 



xi = Ri = 



ae2 \AR^B?) 



Il-l= 

Sj.i= 
ri-1 



A f6 R«-aJ.') 



24 
A(6R«-a2) 



- =l2-2 = 



2 tan^ 
A (12 Big 4- a;g'> 



24R 



<. __ A(12Ri2j-aa) 
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CIRCLE 

Axis of moments 
throuffh colter 



Ix 

X 




A : 
X 

1 1.1= 

Si-i= 
ri-i= 



yd* 

d_ 

2 

yd* 

64 
yds 

32 
d_ 
4 



= 0.785398 d« 

= 0.049087 d* 
= 0.098175 d« 



HOLLOW CIRCLE 

Axis of moments . 
thron^h center 




A = 
X = 
1 1-1= 

Si.i= 

ri-i= 



TT (d2-di2) 

i 
d_ 
2 
ir (d*-di*) 

64 

V (d*"di*) 
32H 

V da + djg 

4 



= 0.785398 (d»-di2) 



0.049087 (d*-di*) 
(d*-di*) 



= 0.098175 



HALF CIRCLE A = 

Axis of moments throach 

center of gravity x = 



Ii-i = 

Sl-i: 

ri-r 



ird2 



= 0.392699 d2 



= 0.287793d. xi — 3^ — 1 




w-.-d -- -J 



HOLLOW A 

HALF CIRCLE 

Axis of moments throngli x 
center of gravity 




IVAIL] 



ELLIPSE 

Axis of moments 
throngli center 




Ii-i = 

Si-i= 

ri-i 



A 

X = 

Ii-i= 

Si-i= 

ri-i= 



8 
d(3 ir-4) 

^^<,Q,g-;^^^ = 0.006860 d* 

d8(9 7r2-64) 023836 da 

192 (3 TT -4) — 0.0^38Jb a-« 

d ^/ (9 7r2-64) ^ 0.1321G8 d 
127r 



2d 



0.212207d 



7r(d2-di2) 
8 



= 0.392699 (d2-di2) 



2 (ds-diS) 3 yd (d2-di2)-4 (ds-diS) 

3 y (d2-di2) ^» — 6 y (d^-diS) 

9 ya (d*-di*) (d2-d i 2)-64 (d3-di8)2 
1152 y (d2-di2) 

-^ if X > xi Si-i= —^ if xi > X 



= 12 y -W- 



9 y3 (d*-di*) (d2-dia)-64 (d«-di8)8 
(d2-di2)8 



_ y ddi ___ 



i* — dr— ' 



4 

d 

2 

y d» di 

64 
y d2 di 

32 

d_ 

4 



= 0.785398 ddi 

: 0.049087 ds di 
0.098175 d> di 
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BEAM 




A = 



X = 



Ii-i 



L.J 



!>-«= 



dt + 2a(m+n) 
2 



y = -o 



b 
2 



a 



^*" 4<m-n) (<^-^) 



15" 
l2 



CHANNEL 



I K 



••-.. tk 






w d 



A = dt + a (m+n) 



X = 



y == 



1 1-1= 



d_ 
2 



ban + -^^-^^^ (b+2t) 



bd»- 



8(m-ii) 



brr (c*-«*) 



12 



} la u 



Ia-a= 



2nbs+ot8+ -^^ (b*-t*) 
3 '^ 
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A = t(d+2a) 
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d'^b-fa)8-2agc-6ab«c 
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1*-*==" cos 2a 
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C10MP0UND SECTIONS 



\ I ••-«• 



.1. IMKHTIA. SSCTIOX MOOULZ, AKD RaDII OV GtBATION 



.V* 



u( tt ountpound section aboati ti neotnl axis is eqmJ to the sum of 
.-.iiv <. • •— - '— ^ ^1^^ cttUipuiMuifc puts about axes througb their own centers of gravity. 
^., ..vi»ii*n • ^.^.u^puuvuipwta multiplied by the squares of the distances d, of thdr 
"^ ' u tff^M uiu uuutral axis of the compound section, or 

Moment of Inertia I^ = I+Ad^ 
.^ . J- % Section Modulus S^ = 



<\J 



n 









Radius of Gyration r^ 



i- 

r1 



I 



1 n 



» 



Jilt 



• 1 



\«>l 



I I 



BXAMPia 1. Required the mcHnents of inertia and the 
ttwUun moduli about axes 1-1 and 2-2 of a compoand 
•eoiian to be used as a girder, oranpoeed of 

1 Web Plate 33"xK" 
4 Flange Angles t"xAf'x%" 

2 Flange Plates WxH" 
basing the properties on the gross area of the section. 

Determine the distances, of the center lines of gravity of 
Itlatm and angles, from the neutral axes of the compoood 
accuou, from the dimensions given, then for 

I, , ..i if." vl "i:>»" Angles =4x 7^ = 30.08 Inches* 

ul-» 4 »!• vi \.i» ' " ==4x 5.8«xl6.72« = 5792.46 " 
,. . .i \M\W l^ate =lx 0-^^^ = 1497.38 « 

= 0.08 " 



. i 



■•»> ■ 



ill 



I, . •.! .Ml \:4 



= ax 



— 15 — 

14x0.75* 

TT 



= 2 X 10.50 xl7.125« = 6158.58 



* X 



Miuucui ui liK-rtia, gruai section 

.\i lu'li UOuUiwS, — - ^m -^ ■ 

I .1 t ii \i \-t" Vu^HM =4x 21.07 

vl^' ..I lii\i'v:a' " ^^4x 5.S8xi2Sa 

... , 33xOJO» 
1^ .1 I kI \'u ■ '»» =lx J5 

0.75xl4» 
li 



I u V4 • — 2 X 

I, .....I MiMU.iu, " ** 



13479.48 lQcbc9< 


770.26 Inches* 


84,28 Inches* 
121.85 " 


0.34 " 


343.00 " 






549.47 Inches* 
78.50 Inches* 



I-.. 



»i. 



t ■!■. 
,11 t 

■ », 
I , 



I .... .:.. ......*..'» .i tiic 'jetdectioo. vit, 6? dedocitiie area oftheriwt 

;:i... 's -v.L-ji^or 4 'n%-v'a.irvto befiedodtcdaDdtiutnotuort 

III il >.k 



^■* <.>ic a^i«.d^ .u tbe aoic pilaae of the section. 

= 13479.48 Inches* 



1 1 > 



.1 V. ». » 

.1 \ . ' 
■ \ • 



TT 



0.76 

- 4 \ :.2'r3xl«Jjil25»= I360J6 

'I»i:^^_ == 0.20 



i V 



T^ 



«!• 



N., . 



. .^.wa. u; jwucu ni96i9 Inches* 
-'^4? = S6.95 Ind«» 






-1 V -in^j.:^ = 

-- ■. nf = 



519.47 Inehei* 

0.S1 - 

67^7 " 

0.73 " 






..X...U, i^a A,>:ilCd 



N i \\. lAft^Jk. t 






4S3Ln Inches* 
«SJ7IttdM* 
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COMPOUND SECTIONS— Concluded 



EzAMFLB 2. Required the moments of inertia and rlidii of 
gyration about axes 1-1 and 2-2 of a column section composed 
as follows: — 

2 Channels 12"x30 pounds per foot, 
2 Flange Plates 14"xM". 
m properties to be based on the gross section, no deduction 
being made for holes. 



Determine the distances, d, of center lines of gravity for 
the various sections from the neutral axes 1-1 and 2-2, in 
accordance with the dimensions given, then for 



161.65 
14 X 0.758 



Ii.i of 2-12" ChannelsSO lbs. = 2x 

Ii-i of 2-14"xJi" Plates = 2 x ^^ — 

Ada of 2-WxH" " = 2 x 10.5 x 6.375a = 

Moment of Inertia, gross section 

Radius of Gyration, " " = V 



1177.73 



38.64 



2-2 



I2-S of 2-12" Channels30 lbs. = 2x 6.22 = 

Ada of 2-12"Channels301be.= 2x 8.82 x4.164a = 



= 323.30 
= 0.98 

853.45 
1177.73 

5.52 

10.44 
805.86 



Inches ^ 



<• 

i« 
Inches^ 
Inches 

Inches'^ 
<« 



I2-2 of 2-14"x%" PUtes = 2x 



0.75 X 14« 
15 



= 843.0 ^* 



Moment of Inertia, gross section 
Radius of Gyration, " '* = 



V 



659.30 __ 



38.64 



659.30 Inches « 
4.13 Inches 




ExAMPLB 3. Required the radii of gjrration about axes 1-1 
and 2-2 of a strut section composed as follows : — 

4-6"x4"x%" Angles latticed by H" bars, 
properties to be based on the gross section of angles, no deduc- 
tions being made for rivet holes nor any allowance for lattice bars. 

Determine the distances, d, of center lines of gravity of angles 
from neutral axes 1-1 and 2-2 in accordance with the dimensions 
given, then for 



-^OaS 1-1 Ii.i of 4-6"x4"xH" Angles = 4 x 4.90 



Ada of 4-6"x4"x! 



= 4 X 3.61 X 5.06a = 



19.60 
369.72 



Inches *• 
«« 



Moment of Inertia, gross section 
Radius of Gyration, " •* = \- 



389.32 



14.44 



389.32 Inches « 
5.19 Inches 



AJKIS2-2 

^thout 



From tables of radii of gyration for 2 angles placed back to back, 
page 202, r2-2 of 4-6"x4"x%" angles=2.87 Inches. 



obannS** sections are assembled without any web or flange plates, aa, for example, latticed 
^tjj-^* columns or latticed angle struts, the radius of gsrration, ri can be readily obtained, 
jjjg Q^** considering the moment of inertia, from the radius of gyration, r of one section about 
neutral*'*' axis, and the distance, d, between the center of gravity of the section and the 



^^^^\ axis parallel to the axis of section, 

. _\/ lf + Ada 
ri = \ 1 



. where -^ = ra, and ri = ^ ra^-^s 



Thus, in the above e xample. 

ri.i= ^ 5.068+1.172 = 5.19 Inches 
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ELEMENTS OF STRUCTURAL BEAMS 
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;, ELEMENTS OF STRUCTURAL BEAMS— Concluded 
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x^ 
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X 1 xM 
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X 1 xH 



X 2 
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X 



X 
X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
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14.8 
13.6 
12.4 
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10.4 

9.4 
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4.9 

7.7 

6.8 

5.9 

5.0 
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3.07 

2.08 

5.3 

4.7 

3.92 

3.19 

2.44 

1.65 

4.6 

3.99 

3.39 

2.77 

2.12 
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2.86 
2.34 
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2.33 
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1.16 
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4.34 
3.98 
3.62 
3.25 
2.87 
2.48 
2.09 
1.69 

3.36 
3.06 
2.75 
2.43 
2.11 
1.78 
1.44 

2.25 
2.00 
1.73 
1.47 
1.19 
0.90 
0.61 

1.56 
1.36 
1.15 
0.94 
0.71 
0.48 

1.34 
1.17 
1.00 
0.81 
0.62 
0.42 

0.98 
0.84 
0.69 
0.53 
0.36 

0.68 
0.56 
0.43 
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0.34 
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0.28 
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•0.31 
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0.93 
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0.60 
0.61 
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0.63 
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0.51 
0.52 
0.53 
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0.93 
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ELEMENTS OF TROUGH PLATES 
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ELEMENTS OP SECTIONS 



ELEMENTS OF RAIL AND SPLICE BARS 
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MOMENTS OF INERTIA OF RECTANGLES 

In Widths prom ^ to % Inch and 1 Inch 

Neutral Axis Thronsh Center Normal to Depth 

This and the following table may be used in coznputiDg tlie 
Moments of Inertia of Plate Girders, Columns and other com- 
pound sections in which plates are used; see pages 172 and 173. 
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21 
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23 
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MOMENTS OF INERTIA OF RECTANGLES 
In Widths of 1 Inch 

Neatral Axis Thronsh Center Normal to Depth 

To obtain the Moment of Inertia of any rectangle, multiply 
the tabular value for its depth by its width in inches. For deeper 
rectangles of tabular thickness, multiply the tabular values for 
half their depth by 8; or for one-third their depth by 27, etc. 
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654.245 
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691.840 
704.874 
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917.928 
933.486 
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%2221.992 



30 I225O.OOO 



:3S 
Si 



30 



2250.000 



K 2278.243 
M 2306.721 
1.434 
HI2364.385 
% 2393.575 
1.004 
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M 2795. 168 
2827.797 
2860.677 
393.812 
2927.202 
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2994.750 



^13028.911 
Ji 3063.329 
^3098.009 
132.948 
^13168.150 
3203.614 
^3239.341 
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13421.969 
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H 361 1.334 
M 3650.027 
H 3688.994 
k 3728.240 
^3767.763 
1^3807.561 
K 3847.641 



36 I3888.ODO 
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HOLLOW ROUND SECTIONS 
Abbab and Radii of Giration 

^^^- : Area=- ^'^I^-^ = 0.785* (Ds-d') eq. in. 
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BLBMBNTS OP SECTIONS 

HOLLOW SQUARE SBCTI0N8 
Abiiab Ain> Radii of Gtration 
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KADII OF GYRATION FOR TWO EQUAL ANGLES 
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c, BS foUona: 

« the allowed stnas 

ratio of Blendemesa of tbe section. 



I of a root ti 



that value ^y the area. The result will be the allowable compreari™ *■** 
Example I. Section given. Required the safe load in comprasston *>,?? 

formula 1=19000—100 1/r on a strut composed of two anglea 4"i4"i H ■ 

back to back, wttb an unsupported length of 9 feet. 

Area of Secbon, A='3,88 square Inchce: Least Bodlus, r=l.Z6. 
Ratio of Slendemeas, IIt c= 9 i 12 4- 1.25=86.4. . 

Allowed Unit Stress, 1= 19000— 100 1 86.4= 10360 pounds per aqnira IB* ' 
Safe Load, AI = 3.88i 10360=40200 pounds. _^ ■ 

Example 2. Stress given. Required a section tor a ' "'^ 

12' a"iong, madeof two angles separated bj M ir-"- - 



ii gusaetplatea, t 
oback. 



Area of Sectiou.A = 4.80 square Incbee : Least Radius 

Ratio of Slenderoess, l/r =12.26 1 12-1- 1.2^=116.7. 

Allowed Unit Stress, f 3 19000- 100x116.7 = 7330 pounds per ■qiurebdL 

Sate Btrees, Af =4.80 1 7330= 35200 pounds. 

In the Brat case Uie least radius Is that about axis 1-1; in the aecood cM 
about aila 2-2; In t31 caaea the least ndlus determhieB tlie ratio of deodenM 
ftnd tlierewlth the allowed Mfe comprMsiTe stress. In all caMs also the Md 
angtea are to be aecured Mntber b; stay rivets BO niaced aa to Insura that us 
seeUoo nets as a unit. The ratio of sleDdariMs of any single an^ beVwwa 
rivets must always be leas than tliat of the strut or connwessfon CMmL 
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^^C>II OF GYRATION FOR IWO UNEQUAL ANGLES 



Lonff Legs Vertical 



2! 



^lry4"to%" 




^i*»gle Angle 


Two 
Angles 


Radii of Gyration. Inches 


^l^ 


Weight, 

Pounds 

per Foot 


Area, 
Inches^ 


Axis 1-1 


Axis 2-2 


In 
Contact 


>i" Apart 


%" Apart 


H" Apart 


^" Apart 


« 6x1 


44.2 
33.8 
20.2 


26.00 
19.88 
11.86 


2.49 
2.53 
2.57 


2.39 
2.35 
2.31 


2.48 
2.44 
2.39 


2.52 
2.48 
2.43 


2.67 
2.52 
2.48 


2.66 
2.61 
2.66 




35.7 
27.5 
16.5 


21.00 

16.12 

9.68 


2.51 
2.55 
2.59 


1.26 
1.20 
1.15 


1.35 
1.29 
1.23 


1.40 
1.34 
1.28 


1.45 
1.39 
1.32 


1.65 
1.49 
1.41 


X3Hxl 


32.3 
23.0 
13.0 


19.00 

13.50 

7.60 


2.19 
2.23 
2.27 


1.31 
1.25 
1.20 


1.40 
1.34 
1.28 


1.45 
1.39 
1.33 


1.60 
1.44 
1.37 


1.60 
1.53 
1.46 


K 4 xl 

II 


30.6 
21.8 
12.3 


18.00 

12.80 

7.22 


1.85 
1.89 
1.93 


1.60 
1.55 
1.50 


1.69 
1.63 
1.58 


1.74 
1.68 
1.62 


1.79 
1.73 
1.67 


1.89 
1.82 
1.76 


'x3Hxl 


28.9 

20.6 

9.8 


17.00 

12.12 

6.74 


1.85 
1.89 
1.95 


1.37 
1.31 
1.25 


1.47 
1.41 
1.33 


1.51 
1.45 
1.37 


1.56 
1.49 
1.42 


1.66 
1.60 
1.60 


' X 4 xj^ 


242 
11.0 


14.22 
6.46 


1.52 
1.59 


1.66 
1.58 


1.76 
1.66 


1.80 
1.70 


1.85 
1.75 


1.96 
1.86 


' x3>^xK 


22.7 

8.7 


13.34 
5.12 


1.53 
1.61 


1.42 
1.33 


1.51 
1.41 


1.56 
1.45 


1.61 
1.60 


1.71 
1.69 


'X3xH 


19.9 
8.2 


11.68 
4.80 


1.55 
1.61 


1.18 
1.09 


1.27 
1.17 


1.32 
1.22 


1.37 
1.26 


1.47 
1.35 


•^x 3 x}g 

1*8 


18.5 

7.7 


10.86 
4.50 


1.38 
1.44 


1.21 
1.13 


1.31 
1.22 


1.36 
1.26 


1.41 
1.30 


1.51 
1.40 


= x3>4xif 


18.5 

7.7 


10.86 
4.50 


1.19 
1.26 


1.50 
1.42 


1.59 
1.51 


1.64 
1.55 


1.69 
1.60 


1.79 
1.69 


X 3 xH 


17.1 
5.8 


10.06 
3.38 


1.21 

1.28 


1.25 
1.16 


1.35 
1.24 


1.40 
1.28 


1.45 
1.33 


1.66 
1.43 


..3X|| 


15.8 
5.4 


9.24 
3.12 


1.04 
1.11 


1.30 
1.20 


1.40 
1.29 


1.45 
1.34 


1.60 
1.38 


1.60 
1.48 


^x2HzH 


12.5 
4.9 


7.30 

2.88 


1.06 
1.12 


1.03 
0.95 


1.13 
1.04 


1.18 
1.09 


1.23 
1.13 


1.33 
1.23 


x2HxA 


9.5 
4.5 


5.56 
2.64 


0.91 
0.95 


1.05 
1.00 


1.15 
1.09 


1.20 
1.13 


1.26 
1.18 


1.36 

1.28 


X 2 xH 


7.7 
4.1 


4.50 
2.38 


0.92 
0.95 


0.80 
0.74 


0.89 
0.84 


0.94 
0.88 


1.00 
0.93 


1.10 
1.03 


X 2 xH 


6.8 
3.62 


4.00 
2.12 


0.75 
0.78 


0.84 
0.80 


0.94 
0.89 


0.99 
0.93 


1.04 
0.98 


1.16 
1.08 
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RADII OF GYRATION FOR TWO UNEQUAL ANGLES 



Short Legs Vertical 



^m 



2. 



%-%"to%" 



ni 



Single Angle 



Size, 
Inches 



8x6x1 
H 

8 x3i^x 1 
H 

7 x3»4x 1 



6x4x1 

6 x3Hx 1 
H 

5 X 4 xJi 

H 

6 x3Hx% 

5 X 3 x|8 
A 

4i^x 3 xii 

4 x3Hxi« 
4 X 3 X 



11 



3Hx 3 x\i 

H 

3Hx2Hxl 



H 



3 x2Hx A 

3 X 2 xH 

2Hz 2 xH 



Weight, 

Founds 

per Foot 



44.2 
33.8 
20.2 

35.7 
27.5 
16.5 

32.3 
23.0 
13.0 

30.6 

21.8 
12.3 

28.9 

20.6 

9.8 

24.2 
11.0 

22.7 

8.7 

19.9 
8.2 

18.5 

7.7 

18.5 

7.7 

17.1 
5.8 

15.8 
5.4 

12.5 
4.9 

9.5 
4.5 

7.7 
4.1 

6.8 
3.62 



Two 
Angles 



Area, 
Inches^ 



26.00 
19.88 
11.86 

21.00 

16.12 

9.68 

19.00 

13.50 

7.60 

18.00 

12.80 

7.22 

17.00 

12.12 

5.74 

14.22 
6.46 

13.34 
5.12 

11.68 
4.80 

10.86 
4.50 

10.86 
4.50 

10.06 
3.38 

9.24 
3.12 

7.30 

2.88 

5.56 
2.64 

4.50 

2.38 

4.00 
2.12 



Radii of Gyration, Inches 



Axis 1-1 



1.73 
1.76 
1.80 

0.86 
0.88 
0.92 

0.89 
0.92 
0.96 

1.09 
1.13 
1.17 

0.92 
0.95 
1.00 

1.14 
1.20 

0.96 
1.03 

0.80 
0.85 

0.81 
0.87 

1.01 
1.07 

0.83 
0.89 

0.85 
0.91 

0.69 
0.74 

0.72 
0.75 

0.55 
0.57 

0.56 
0.59 



Axis 2-2 



In 
Contact 



3.64 
3.60 
3.55 

4.04 
3.99 
3.93 

3.48 
3.42 
3.36 

2.85 
2.79 
2.74 

2.92 
2.87 
2.81 

2.29 
2.20 

2.36 
2.26 

2.42 
2.33 

2.15 
2.06 

1.81 
1.73 

1.88 
1.78 

1.61 
1.52 

1.66 
1.58 

1.37 
1.31 

1.42 
1.38 

1.15 
1.11 



>i" ApartH" Apart J4" AjfuiH" -Aj«irt 



3.73 
3.69 
3.64 

4.14 
4.09 
4.02 

3.58 
3.52 
3.46 

2.95 
2.89 
2.83 

3.02 
2.96 
2.90 

2.38 
2.29 

2.45 
2.35 

2.52 
2.42 

2.25 
2.15 

1.91 
1.81 

1.98 
1.87 

1.71 
1.61 

1.75 
1.67 

1.46 
1.40 

1.52 
1.47 

1.25 
1.20 



3.78 
3.73 
3.68 



3.83 
3.78 
3.73 



4.19 
4.13 
4.07 


4.24 
4.18 
4.12 


3.63 
3.57 
3.50 


3.68 
3.62 
3.56 


2.99 
2.93 
2.87 


3.04 
2.98 
2.92 


3.07 
3.01 
2.95 


3.12 
3.06 
3.00 


2.43 
2.34 


2.48 
2.38 


2.50 
2.39 


2.65 
2.44 


2.57 
2.47 


2.62 
2.62 


2.30 
2.20 


2.36 
2.26 


1.96 
1.86 


2.01 
1.91 


2.03 
1.92 


2.08 
1.96 


1.76 
1.65 


1.81 
1.70 


1.80 
1.71 


1.86 
1.76 


1.51 
1.45 


1.66 
1.60 


1.67 
1.62 


1.62 
1.67 


1.30 
1.26 


1.36 
1.30 



3.02 
3.87 
3.82 

4.34 

4.28 
4.22 

3.78 
3.72 
3.65 

3.02 

3.22 
3.1» 



2.58 
2.48 

2.65 
2.54 

2.72 
2.61 

2.45 
2.34 

2-U 
2.00 

2.1& 
2.06 

1.91 
1.80 

1.86 

1.50 

1.40 
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STRESSES IN BEAMS 

^^ the application of the principles of structural mechanics to 
determine what sections should be used safely to sustain super- 
imposed loads under specified conditions of loading, it is necessary 
^ ^certain, first, the effects produced on the structure by the loads 
under those conditions; second, to decide what unit strength the 
material, the use of which is contemplated, has to resist the stresses 
produced within the structure by the loading; and, third, to select 
A section whose section modulus is equivalent to the ratio found to 
fixist between the stresses tending to cause deformation within 
^he structure and the unit strength of the material to resist them. 
Kcactions. In the simple case of a beam supported at both ends, 
©ach support reacts with an upward pressure called the reaction 
of the support. The sum of these two reactions is equal to the total 
load on the beam. 

Shear. The loads and the reactions of the supports are vertical 
forces tending to shear or cut the beam across and the stresses 
they produce within the beam are, therefore, called shearing 
stresses. The shear at each support is equal to the reaction of 
the support; the shear at any point between the supports is equal 
to the reaction of a support less the total load between that 
Support and the point; or, if the reaction acting upward is 
oonsidered as positive and the loads, acting downwards, as 
'^^gative, the shear at any point is the algebraic sum of the 
Vertical forces acting on the beam between that point and either 
Support. 

If such a simple beam supported at both ends carries a load 
^xiiformly distributed over its entire length, the reaction and the 
^tear at each support is equal to one-half the total load on the 
^^m, but the shear decreases uniformly to zero at the center of 
^te span; if the load is concentrated at the center of the span, the 
^^action and the shear at each support are also equal to one-half^ 
^te total load, but the shear is uniform throughout the entire 
*^iigth of the beam. 

Bendinff Moment. The loads on the beam and the reactions of the 
Supports constitute external forces which produce bending stress in 
^be beam. The summation of the moments of the external forces 
^bout any point is called the bending moment and varies from 
Point to point. It attains a maximum value at a point where the 
^bear is either zero or changes from positive to negative or vice 
^^Tsa. .If the loads are concentrated at several points, the maxi- 
mum bending moment always occurs at the point of application of 
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one of the loads so located that th(e sum of all the loads on the be&m 
between one support up to and including that load is equal to or 
greater than the reaction of the support. 

Vertical Deflection. Bending stress within a beam produces flexure, 
and the deflection, or the amount of its departure from a straight 
line, is the measure of the deformation which the beam has under- 
gone in its resistance to bending stress. So long as the stress is 
within the safe limits allowed for the material, the deflection is 
negligible so far as concerns the beam itself; it may, however, be 
of sufficient magnitude to cause the disruption of other materials 
in contact with or supported by the beam but of less strength, such 
as plaster. In such cases the limit of allowable deflection may 
determine or at least influence the choice of a section. 

Lateral Deflection. The stresses within a beam under transverse 
loading are compressive on one side of the neutral axis and tensile 
on the other. The tensile stresses tend to hold the beam in a 
straight line between the supports, while the compressive stresses 
tend to deflect it in a lateral direction, just as the bending stresses 
as a whole tend to deflect it in a vertical plane. On long spans 
unsupported against sidewise deflection, this consideration may, 
influence the choice of sections. 

Method of Compntation. A complete investigation of the strength of 
beams under transverse loading must take into account all the 
elements, the bending moment, the vertical deflection, the lateral 
deflection and the shearing stress; though under the usual loading 
conditions the first alone determines the size and weight of section. 

In the calculation of bending stresses, the loads are usually 
expressed in pounds, the span length and the distance between the 
loads in feet; the resulting bending moments are in terms of foot 
pounds, which necessitates conversion to inch pounds before the 
section can be selected from the tables. The section modulus of 
the required section is obtained by dividing the maximum bending 
foment in inch pounds by the allowed fiber stress in pounds per 
square inch. In such calculations it is assumed that the neutral 
axis of the section is normal to the line of action of the load. When 
this is not the case, correction must be made for the eccentricity 
of the loading. 

In the pages which immediately follow are given general formulas 
for the bending moments and vertical deflections of beams under 
the usual conditions of loading, and also diagrams illustrative of | 
those conditions. The general method for the computation of the 
maximum bending moment of a beam supported at its ends and 

loaded at various points is as follows: — 

I 
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^^im. Find the reaction at the left (right) support by multi- 
pljring each load by its distance from the right (left) support and 
dividing the sum of these products by the length of the span. 

Second. Starting from the left (right) end of the beam, add the 
successive loads until a point is reached where the sum of the loads 
equals or exceeds the reaction of the left (right) support; the point 
of maximum bending moment is located at this point. 

Third. Multiply the reaction at the left (right) support by its 
distance from the point of maximum bending moment and subtract 
the sum of the products of all loads to the left (right) of this point 
by th.e corresponding distance from this point; the difference 
between these moments is then the maximum bending moment. 






0'' „« ^ ^_.f «".^ Example: Required the size of a 

4' n^'" k' ft" w i 1 

» /?^ /^ Rj^^jjj^^j^-j steel beam to support the following 

quiescent loads over a dear span of 16 




U— 5'_ 0-'i-— 1.2:0^ feet between supports, at a maximum 

I u.. —12'. 0^---- ^ ^^®^ stress not to exceed 16000 pounds 

— . -16-0' ** per square inch, 

^1=16000 pounds; 4 feet from left support. 
^2=18000 •* 9 " " •• " 

^8=3 2000 " per foot, imiform up to 4 feet from right support. 

^4=3 60 ** •' •' assumed weight of beam imiformly distributed 

®^ep entire span. 

Left Reaction. 10000x12 4- (60 x 16) 8 +^lfflOO x 7 + (2000 x 4) x 2_^^3^g ^^ 
Bight Reaction. leOOOx 4 + (60x16)8 + 1^x9+ (2000x4) xU^^^^q^^^^ 

Sumofreactions=sumofloads===Wi+ W, + W, + W4 =42960 lbs. 

Points of maximum moment (60 x 4) + 16000 « 16240 < 21355 

(60 X 9) + 16000 + 18000 = 34540 > 21365 
^^erefore the point of maximum bending moment is at point of load Wa. 
Maximum bending moment. 21355x9-16000x5-(60x9)x4.5 =109765 ft. lbs. 

or, 21605x7-(2000x4)x5-(60x7)x3.5 =109765 ft. lbs. 

Required section modulus = ^^^"^^^g ^^ = ^lll^^ ^S2A 
As the section modulus of the 15 inch 65 pound or the 18 inch 55 pound 
beam isigreater than this, either of these sections may be used. If it is decided 

that the 18 inch 48 pound supplementary beam is strong enough for the 

1317180 
Purpose, the actual fiber stress on that section would be ^^1.^ s= 16082 

' pounds per square inch. If the allowed fiber stress were 125(X) pounds per 
•quare inch, the required section modulus would be — i^^(iO — ~ 12500 ' ~ 
105.38 and the permissible minimum sections would be 20 inch 65 pound, 21 
inch 60.5 pound beams, etc. 
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NOTATION USED IN FORMULAS 

A =Area of section, in squaxe inches. 

n =Distance from center line of gravity to extreme fiber, in inches. 

I =Moment of inertia about center line of gravity, in inchest . 

Ms==Static moment, in inches^. 

S ^Section modulus =I/n, in inches^. 

r =Radius of gyration = \I/A, in inches. 

f =Bending stress in extreme fiber, in pounds per square int— .la 

fb =Resistance of web, in pounds per square inch. 

E =Modulus of elasticity, in pounds per square inch. 

L =Length of section, in feet. 

1 =Length of section, in inches. 

d =Depth of section, in inches. 

b =Width of section, in inches. 

t =Thickness of section, in inches. 

W, Wi, W2=Superimposed loads supported by beam, in pouc^^^^*- 

w =Superimposed load, in pounds per unit length or a -^^ 

W max =Maximum safe load at point given, in pounds. / 

R, Ri =Reactions at points of support, in pounds. / 

V =Vertical shear, in pounds. ' 

M, Ml, M2=Bending moments at points given, in inch pounds. 

M max =Maximum bending moment, in inch pounds. 

Mr = Maximum resisting moment, in inch pounds=f I/n =18. 

D, Di =Deflections at points given, in inches. 

D max =Maximum deflection at point given, in inches 



/ 
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COMPARISON OF VARIOUS LOADING CONDITIONS 

The formulas and diagrams on pages 208 to 211 give the various 
stresses in sections used as beams, resulting from usual conditions 
of loading. 

Taking as a unit of comparison a uniformly distributed safe load 
on beams of equal length and section, supported at the extreme 
^uds, the following table gives the relative maximum safe loads 
or bending moments and deflections. 

As a check on the accuracy of a computation, the safe load 

obtained from the formula for any condition of loading may be 

> Multiplied by the reciprocal given in the table corresponding to 

such loading condition ; the result should be the maximum allowable 

^form load as taken from beam safe load tables. 



Conditions of Loading 






Beam Supported at Ends 
^<i uniformly distributed over span 
^^ concentrated at center of span 



^o equalloads symmetrically concentrated 
^^^<i increasing uniformly to one end 
^^^<i Increasing uniformly to center 
^^'Ui decreasing uniformly to center 

^Kam Fixed at One End, Cantileyeb 
*^ad imiformly distributed over span 
^ad concentrated at end 

l^oad increasing uniformly to fixed end 

blam oontinuoub over two supports 
Equidistant from Ends 

Load uniformly distributed over span 

1. If distance a >0.2071 1 

2. If distance a <0.2071 1 

3. If distance a =0.2071 1 
Two equal loads concentrated at ends 



Case 
No. 



IX 

V 
VII 

X 

XII 
XI 

II 

I 

III 



XVI 



XV 



Maximum Safe 
Load 


Relative 


Reciprocal 


1 


1 


V2 


2 


l/4a 


4a/l 


.0743 


1.0264 


% 


IH 


% 


% 


V4. 


4 


H 


8 


% 


2% 


12/4a2 

1 
l-4a 


4aa/l« 

l-4a 
1 


5.8285 


.1716 


l/4a 


4a/l 



Maximum 
DdSection 

Relative 



.80 

.976 
.96 
1.08 

2.40 
3.20 
1.92 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections 

CANTILEVER BEAM — Concentrated load at free end 




"I RiCmaz. shear) 

M'max. 



..♦ 



Rx 



M, distance x 
Mmax, at Ri 
Wmaz. 
Dmax. 



= W 

= Wx 

= Wl 
fS 



Wl» 
3EI 



n. CANTILEVER BEAM— Unfformly distribnted load 




T Ri(max. shear) 


= W 


B^max. _ _ ,, ^ 
1 M, distance x 


Wx« 

~" 21 


J- 

Mmax. at Ri 


Wl 
- 2 


Wmax. 


2fS 
- 1 


Dmax. 


Wl« 

OTT«T 



"» X— -»» 



8EI 



in. CANTILEVER BEAM — Load increasing, uniformly to fixed end 

= W 




M max. 



.— * 



^.Ri 



xr— ^ 



Ri(max. shear) 
M, distance x 
Mmax. at Ri 
Wmax. 
Dmax. 



w 


X8 


3 " 


Ta- 


Wl 
'"5~ 




3fS 
1 




W18 





15EI 



IV. BEAM SUPPORTED AT ENDS — Concentrated load netfr one end 




Mlmax. 



!«. a •t«--b -♦I 




Wb 
R(max. shear if b>a) = -^ — 



Ri(max. shear if a>b) = 
M, distance x = 



Wa 



Wbx 



W"ab 
Mmax., at point of load= — j — • 



Wmax. 
Dmax. 



ab 
Wab (a+2b)V3a(>'»-'J 

2?En ' 
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lAMS UNDER VARIOUS LOADING CONDITIONS 
Bendinq Mobosnts and Deflbctionb 

II SUPPORTED AT ENDS — Concentrated load at 




YtaoL,^ (™ax. shear) =Ri = -^ 

M, distance x = ^* 

M max., at point of load = 

Wmax. = 

Dmax. = 



Wl 
4 

4fS 



Wl« 
48£I 



M SUPPORTED AT ENDS — ^Two nnsymmetrical concentrated loads 

R (max. shear if a<b) = -^(l-a+b) 

W 

Ri =-^(l+ar-b) 




(a+b)*— 1)— ^ 



M, distance a 




= Ra=-^(l-a+b) 

Wb 
Ml max., distance b (b>a) = Rib= " i (1+a-b) 

Ma. distance x = Rx- 

21fS 






Wmax. (b>a) 



b(l+a-b) 



KM SUPPORTED AT ENDS — Two symmetrical concentrated loads 

Mimax. ^ (i»ax. shear) =Ri = ^ 

M. distance X =— ^ 

M max.atandbetweenloads= 




) Ql 



Wmax. 
Dmax. 



2 

^ 2f3 
~~ a 



\AM SUPPORTED AT ENDS — Three concentrated loads 




T *Ri 



W, Wo 



MatW 

Mmax. if W 
MatWi 

Mmax. if Wi+W 

Mmax. if Wi+Wa 
MatWa 

Mmax. if Wa 



Wb+Wibi+Waba 
= 1 

Wa+Wiai+Waaa 
= J 

= Ra. 

= or>R 

= Rai-W(ai-a) 

= Ror>R 

= Rior>Ri 

= Raa-W (aa-a)-Wi(tt-ai) 

= Rior> Ri 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bbndinq Moments and Dkflections 

IX. BEAM 8UPP0BTED AT ENDS— DniformlTdJitrllmtailliHkd 

B(DUUI. ahesr)=Ri = -^ 

M.aistaDcei =J^(i-^) 




X BEAM SUPPOBTED AT ENDB— LoMI 




XL BEAM BDPPOBTED AT ENDS— Lisd itcnmin aaUvnly to bMv 

B(m»i. ■hoar)=Bi ■'■^ 




Mm 



... distance 






Xn. BEAU BUPPORTED AT 

Bdnax. Hliear)=Kt 



M max.. distance -j 
Wmai. 



-i--' 
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MS UNDER VARIOUS LOADING CONDITIONS 
BcNDiKo Moments and Defuictions — Concluded 

4 SUPPORTED AT fKDS— (InlfdnH loul mrtiallr dlUrlbatod 

W(2c+h) 



^sssi-''"''^^ 




BUPrORTBD AT KNDa^«W< 




:ONTINUOUS OVER TWO 3UPPORT3— Two i 

nax. sheaD^R, 
M. diatBD<« X 
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BEAMS UNDER VARIOUS LOADING CONDITION^"' 

BENDINQ MoiiENTS AND DsFLECnOKS 
IX. BEAM SUPPORTED AT ENDS— UDifannlr diatrlbniad li»d 

R(mu. sbear)=Bi =-7- 

M, diBtoDce I =-T^(l"f ) 

Mmu.atceDtw •"-^ 

= sa 




X BEAM SUPPORTED ATEMDS— lAdlacnuluanlfarmlr U 




XL BEAM SUPPORTED AT ENDS— Load 



deenuiu DBlfonHlr to « 




Xn. BEAM BinrOKTED AT ENDS— Load laatm 
R(iD&z. ■bear)=Ki 



FLEXURE FORMULAS 



MS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections — Concluded 

tf SUPPORTED AT ENDS— Uniform load partially distribated 

R(max. shearif a<c)= ^(2^+^) 




Ri 



. W(2a+b) 

— 2i 



M , dist. z=a or <a, = Rx 
Midi8t.z>a. 



_R^ W(x-a)« 
=^* W^- 

Ma. dist. x>(a+b). =:Rx- ^^2x-2a-b) 



x>r ^» * J. Rb W(2c+b)t4al-fb(2c-fb)i 
M max. , dist. a+ -^^.= "TT3 — ^ ^ 

Wmax. 



8l2fS 

(2c+b)[4al+b(2c-t-b)l 



[ SUPPORTED AT ENDS — Uniform load partially discontinaous 

x>/ u •#T«r^'CD-s W(2 1-a)-fW iC 
R(max. shear if W>Wi) = i — ^ 2— 




max. 



Ri 

M. distance x <a. 

Ml distance x >a, 



Wi(21-c)+Wa 

= ^r 

Wx- 

= Rx — 2a 



•> 



M max. dist.x 



Wmax. 



2Wal-Wa a -hWica j^g^ 



& Wa>Wic; 



R^a 

— "27S" 



CONTINUOUS OVER TWO SUPPORTS — Two exterior symmetrical loads 




R(max. shear)==Ri 

M, distance x 

M max., from R to Ri 

Wmax. 

D. distance a 

Di, distance-2 — a 



2 
Wx 



Wa 



2 

2fS 



Wa(3al-4a«) 
= 12 El 

Wa(l-2a)a 
= i6EI 



4 CONTINUOUS OVER TWO SUPPORTS— Uniformly distributed load 

-> R = Ri =-S^,nuix. shear^aor^ (.^--a) 
M2 z 1 1 z 

J- M, distance X =— i — J, 0, ifx=-5— v— ^- 



a— J 




¥1 



Wa2 / — 

MiatRandRi=— 2f- max.if a> i(VH-H) 

M2 at center = ^^^^ max. if a < 1( >/H-H) 

„, 2lfS 

W] max. ~~sfi — 

XKT _ 8fS 

Wa max. =""1=45" 



max.ifa>l(VH-H) 
max.ifa<i(VH-H) 
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SAFE LOADS FOR SECTIONS USED AS BEAMS 

EXPLANATION OF TABLES 

The tables of safe loads for structural and supplementary beamfl, 
H-beams, cross tie sections and channels, used as beams undo* 
conditions of transverse loading, give the uniformly distributed j 
safe loads in thousands of pounds for spans customary in bridge | 
and building construction based upon an extreme fiber stress of 
16,000 pounds per square inch. The tables of safe loads for angles, \ 
tees and zees give the values at the same fiber stress on spans of one 
foot from which the safe load for any span length may be obtained 
by direct division and also the values for those spans at which the 
allowed safe load will produce a deflection of Vaeo of the span length. 
The loads in all cases include the weight of the section, which should 
be deducted in order to arrive at the net load which the section will 
support. 

In addition to these usual tables of safe loads, there follow, on 
the same basis, tables of the allowable uniform load in pounds per 
foot on beams and channels for various span lengths, which may be 
used in proportioning the floor systems of buildings. The choice 
between various weights and depths of sections for any given span 
or any uniform load per running foot may be made on inspection. 

It is assumed in all cases that the loads are applied normal to 
the axis 1-1 as shown in the tables of elements of sections, and that 
the beam deflects vertically in the plane of bending only. If the 
conditions of loading involve the introduction of forces outside this 
plane of loading, the allowable safe loads must be determined from 
the general theory of flexure in accordance with the mode of appli" 
cation of the load and its character. This applies particularly to 
unsymmetrical sections, such as zee bars and angles, which should 
be used only under those conditions of loading where the section 
can deflect vertically only, being rigidly secured against lateral 
deflection or twisting throughout the entire span. In all such 
cases of eccentric loading, the actual safe loads would be considerably 
lower than the tabulated safe loads which have been based upo^ 
the most favorable conditions of loading. 

Vertical Deflection of Beams. In the case of beams intended to cai^ 
plastered ceilings, experience indicates that the vertical deflectioi^ 
to avoid cracking the plaster should be limited to not more tbB0 
%60 of the span length. This span limit for steel beams is approO* 
mately in feet twice the depth in inches and is indicated in i^* 
tables by the lower zigzag line. Beams intended for such purpoi^' 
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d not be used for greater spans unless the allowable tabular 
oad exceeds the actual load to be supported. As the dead 
of the floor is supported by the beams before the plaster is 
ed, only the deflection due to the live load really needs to be 
dered. 

e coefficients given below may be used to obtain the deflection ^ 
ihes, of sections subjected to transverse stresses due to uniformly 
buted loads at various fiber stresses and are based upon the 
nng formulas, using the notation given on page 206| 



Qection, D= 



^^' :,when Wl=^or D= 



76.8EI' 



__8fl2__16fL«w JL 
76.8 En W ^ n 



/I QOf T 3 1 

• symmetrical sections, n=-^, D= — tjt— X— "= 



Coefficient 



d depth in inches 



^FiciBNTS OP Deflection Uniformly Distributed Loads 



'» 


Fiber Stress, Pounds per Square Inch 


Span, 
Feet 


Fiber Stress, Pounds per Square Inch 


i 


16000 


14000 


12500 


16000 


14000 


12500 




0.017 


0.014 


0.013 


26 


11.189 


9.790 


8.741 




0.066 


0.058 


0.052 


27 


12.066 


10.558 


9.427 




0.149 


0.130 


0.116 


28 


12.977 


11.354 


10.138 




0.265 


0.232 


0.207 


29 


13.920 


12.180 


10.875 




0.414 


0.362 


0.323 


30 


14.897 


13.034 


11.638 




0.596 


0.521 


0.466 


31 


15.906 


13.918 


12.427 




0.811 


0.710 


0.634 


32 


16.949 


14.830 


13.241 




1.059 


0.927 


0.828 


33 


18.025 


15.772 


14.082 




1.341 


1.173 


1.047 


34 


19.134 


16.742 


14.948 




1.655 


1.448 


1.293 


35 


20.276 


17.741 


15.841 




2.003 


1.752 


1.565 


36 


21.451 


18.770 


16.759 




2.383 


2.086 


1.862 


37 


22.659 


19.827 


17.703 




2.797 


2.448 


2.185 


38 


23.901 


. 20.913 


18.672 




3.244 


2.839 


2.534 


39 


25.175 


22.028 


19.668 




3.724 


3.259 


2.909 


40 


26.483 


23.172 


20.690 




4.237 


3.708 


3.310 


41 


27.823 


24.346 


21.737 




4.783 


4.186 


3.737 


42 


29.197 


25.548 


22.810 




5.363 


4.692 


4.190 


43 


30.604 


26.779 


23.909 




5.975 


5.228 


4.668 


44 


32.044 


28.039 


25.034 




6.621 


5.793 


5.172 


45 


33.517 


29.328 


26.185 




7.299 


6.387 


5.703 


46 


35.023 


30.646 


27.362 




8.011 


7.010 


6.259 


47 


36.562 


31.992 


28.565 




8.756 


7.661 


6.841 


48 


38.135 


33.368 


29.793 




9.534 


8.342 


7.448 


49 


39.741 


34.773 


31.047 


1 


10.345 


9.052 


8.082 


50 


41.379 


36.207 


32.328 



) find the deflection in inches of a section symmetrical about 
leutral axis, such as beams, channels, zees, etc., divide the 
Lcient in the table corresponding to given span and fiber stress 
le depth of the section in inches. 
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To find the deflection in inches of a section not symmetrical 
about the neutral axis, such as angles tees, etc., divide the coeffi- 
cient corresponding to given span and fiber stress by twice the 
distance of extreme fiber from neutral axis obtained from table 0/ 
elements of sections, pages 174 to 195, inclusive. 

To find the deflection in inches of a section for any other fiber 
stress than those given, multiply this fiber stress by any of the | 
coefficients in the table for the given span and divide by the fiber , 
stress corresponding to the coefficient used. 

Lateral Deflection of Beams. The tabular safe loads are based on the 
assumption that the compression flanges of the various sections are 
secured against lateral deflection by the use of tie rods or by other 
means at proper intervals. According to the Construction Specifi- 
cations, page 160, the lateral unbraced length of beams and 
girders should not exceed forty times the width of the compreflsion 
flanges. When the unbraced length exceeds ten times the 
width, the tabular safe loads should be reduced in accordance with 
the ratios given in the following table in order to insure that the 
stresses in the compression flanges should not exceed the allowed 
safe unit stress: — 



Unbraced 
Length of Span 



5 X flange width 
10 X 
15x 
20 X 



Allowable Safe Load 



Full tabular load 

4( It «i 

90.6% tabular load 

81.2% 



Unbraced 
Length of Span 



25 X flange width 
30 X 
35 X 
40 X 



Allowable Safe Load 



71.9% tabular load 

62.6% 

63.1% 

43.8% 



(I 



(I 






II 



In addition to this lateral deflection which is induced within 
the beam by the action of pure bending stresses, lateral deflection 
may be induced by the thrust of floor arches or other loading acting 
on an axis perpendicular to the line of principal bending stress. 
The thrust of these arches should either be neutralized by tie rodSi 
or the safe carrying capacity of the beam should be computed m 
accordance with the general formulas of flexure to provide for the 
combined stresses due to the action of both vertical and horizontal 
forces; that is to say, the safe loads should be figured around both 
the axes 1-1 and 2-2, and the unit stress computed so as not to 
exceed 16,000 pounds per square inch. 

Effect of Impact on StreMes. The formulas upon which the tables of safe 
loads are based assume all loads to be quiescent or static. The effect 
of moving loads may be taken care of either by reducing the allowable 
imit stresses, or else by increasing the theoretical loads. See 
Construction Specifications, page 158, paragraph 2. 
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When the load is suddenly Applied, the resultant stresses are greater 
lan those due to an equal static load. When the load is instan- 
ineously applied, the resultant stresses are double. 

When an instantaneously applied load produces impact or percus- 
ion, the resultant stresses are dynamic and are measured by the laws 
oveming the energy of bodies in motion. The following empirical 
ormulas may be used to ascertain the approximate fiber stress and 
eflection due to a load falling on the center of a beam supported at 
oth ends, when no accoimt is taken of the distortion due to the 
npact or percussion at the point of application of the load: — Let 

W =Weight of load, in poimds. 

Wi^Weight of beam, in poimds. 

h =Height of fall, in inches. 

f ^Extreme fiber stress due to static load, W+Wi, in pounds per 
square inch. 

fd ^Extreme fiber stress due to dynamic load, W, in poimds per 
square inch. 

D ^Deflection due to static load, W+Wi, in inches. 

Dd ^Deflection due to dynamic load, W, in inches. 

"^ =35W+ 17Wi^ ^^^^ 

fd =f (1 + V?^+ 1 ) and Dd =D {1 + \I?J^ +1 ) 

Shearing Stresses. The safe load tables for beams and channels are 
omputed solely with reference to safe unit stresses due to flexure, 
nd the safe loads uniformly distributed on the spans given will not 
reduce average shearing stresses in the web greater than the 
0,000 pounds per square inch allowed by the Construction Specifi- 
ations. When, however, beams are loaded with heavy loads 
oncentrated near the supports, or when beams of short span are 
)aded with uniformly distributed loads to their full carrying 
apacity as regards flexure, the bending moments may be small in 
omparison with the reactions at the supports, and the beams may 
iil along the neutral plane as a result of longitudinal shearing 
Presses, or may buckle as a result of the combined longitudinal 
ad vertical web stresses. On such spans the safe shearing or 
uckling strength of the web may limit the carrying capacity of 
le beam rather than the resistance of the flanges to bending 
cresses. 

Longitudinal Shear. At any point in any section of a beam, the 
orizontal and vertical components of the web stress are equal to each 
bher and proportional to the vertical shear ; their intensities are 
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depeodent upon the diatance of the point from the Deutr&l kbb. In 
order to detenniiie the intensity of the vertical shearing atreaa it i 
a ^ven point in a vertical eection of the beam, therefore, it ii 
sufficient to find the equal intensity of the horizontal Bheario; 
stress at the same point in the horizontal plane. 

The longitudinal unit shear is zero at the upper and lower flanget 
of the beam and a maximum at the neutral plane. It is greatnt | 
at the supports and zero where there is no vertical shear. , 

The intensity of the longitudinal shear at any point in any aeeliixi 
is the product of the vertical shear, V, for that section and the 
statical moment. Ma of the section included between the hoiiiODtd 
plane of shear through that point and the extreme fibers on theuma 
side of the neutral plane divided by the product of the moment of ' 
inertia of the beam around the proper axis and the thickness at tk 
plane of shear; or 

Longitudinal shear per square ineh= . i ^ - I 

t'' SiBmple — Required the maalmum longtWdMl 

shear per Equare inch In a 2V SO lb. beam loided 
with two eymmetriciil loads of 100.000 povudi 
each, disregarding the weight of the beam. , 

M s of Flange Rectangle=7i. 60x11. 7 =• tS.li 

MBorFlangBTrlBnglee=3.2Si,542ill.aifc= 19-'» | 
MaOfWiib =11 .401.5016. 70 =3 3i-<j 

Total Static Moment 101.3> 

Moment of Inertia at Beam 1=2087.2 

^:9715 pounds per aquarelQ'^ 

Under usual conditiona of loading, the vertical shear need not N 
taken into consideration. 

Bockiins: Vainn sr B«m Web*. The vertical shearing stresses or tbe 
vertical compressive components of the web stress may under some 
conditions exceed the safe resistance of the beam to buckhng, sou 
there remtuna the possibility that a web or web plate which is ampi]' 
secure as against the safe allowed shear of 10,000 pounds per squsK 
inch will not be of sufficient strength when considered as a column. 
Is such cases proviuon must be made for security against buokfiol 
either in the way of stiffeners or by increasing the thickness of th* ' 
web or web plate. 

A series of experiments have been carried out on beams of vanoU 
depths and web thicknesses to arrive at a basis for a simpler method 
of computation to use in the investigation of the safe buokling^ 
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tance of beams with unsupported webs, and fronL these experi- 
ts the following formulas have been deduced : 



a^ai 



iimi 



Safe end reaction R= fb x t (a +x) 
Safe interior load W=2 f b x t (a^ +-^) 



n these formulas R is the end reaction, W the concentrated, load, 
16 web thickness, d the depth of the beam, a^ half the distance 
Bi which the concentrated load is applied and a the whole 
tance over which the end reaction is applied, while fb is the safe 
istance of the web to buckling in pounds per square inch by the 
mula 19000—100 d/2r (d/2=l in column formula). 

The first formula is general and applies to any condition of 
ding. The second formula covers the case of a single load 
icentrated at the center of a span; it can be extended to cover a 
item of concentrated loads provided the smn of the distances a^ is 
: less than a. 

The tables which immediately follow give for beams and channels 
:h unsupported webs: 

I. Allowed web resistance fb, in pounds per square inch com- 
bed from this compression formula. 

I The distance a, or the distance over which the end reaction 
fit be distributed when the shearing stress, V, in the web is the 
ximum allowable of 10,000 pounds per square inch. 

>. The allowable end reaction (R) when a is taken at Z}^" 
ich is the usual length of beam actually resting on the 4'' angles 
inarily used in building construction for beam seats. 

:. The allowable shear V, on the gross area of beam or channel 
)8 at 10,000 pounds per square inch. 

n addition to these data which have to do with the maximum 
is on beams and channels as computed from the web resistance. 
Be tables also give the maximum bending moments in foot 
mds, obtained by the multiplication of the section modulus of 
h section by the allowed fiber stress of 16,000 pounds and the 
ision of the product by 12 in order to reduce to a foot pound 
is. These maximum bending moments may be used on inspec- 
i instead of the table of properties to ascertain the proper size 
:ion to be used in any particular instance. 

217 



CARNBQIB STEEL COMPANY 



_ ^ I 

Examples of thb Use of Beam Safe Load Tables 

Example l. Direct Bending. Bequired the proper size of a beam laterally 
braced to support a superimposed or net load of 30,000 pounds imiformlj 
distributed over a clear span of 20 feet. 

From the table of safe loads, page 224, it is found that a 15 inch 42 pocmd • 
beam will support a gross load of 31,400 pounds. The weight of a beam 20 ■ 
feet long is 840 pounds. The net safe load is, therefore, 31,400—840=30.560 : 
pounds. A 15 inch 42 pound beam will, therefore, carry the net load spedfled. 

Example 2. Shear. Bequired the maximum load which a 20 inch 8& 
pound beam can support without exceeding the safe web resistance of the 
section. 

From the table, page 223, the maximum load for this section given in sniiU . 
figures above the upper zigzag line is found to be 265,200 pounds. | 

Example 3. Vertical Deflection. Bequired the proper size and the | 
deflection of a channel supporting a net load of 10,000 pounds concentrated io 
the middle of a 14-foot span, assuming that the channel is braced tigtbmt ' 
lateral deflection. 

The specifled load is equivalent on the given span to a uniformly distribotad 
load of 2 X 10.000=20,000 pounds. 

In the table, page 232, it is found that a 12 inch 30 pound channel will 
support a gross load of 20,500 pounds or a net load of 20,500—14 x 30=20.0SO ' 
pounds. The net safe load concentrated at the middle of the span will tyo 
one-half this or 10,040 pounds. 

The deflection produced by a uniformly distributed load of 20,500 poood' 
is found from the coefficient given in the same table and page 213 to 

be ^— = 0.270". The deflection for the specifled load concentrated In the 
middle of the span is approximately 0-270 x 4 _,q gig//, I 

See page 207. 

Example 4. Vertical Deflection. Bequired the deflection of a riveted 
girder 37 inches deep for a span of 35 feet and aflberstressof 14,000 pounds P^^ 
square inch. 

Bequired deflection, see table, page 213, = ^y = 0.479". 

Example 5. Vertical Deflection. Bequired the deflection of an aD«** 
6 X 4 X T/i^e" about an axis parallel to the short leg for a span of 14 feet and » 
fiber stress of 16,000 pounds. 

Bequired deflection, see table, pages 213 and 214, is ^x (6—1.^) ^^'^^' 

Example 6. Vertical Deflection. Bequired the deflection of a 10 io^ 
beam for a span of 18 feet with a fiber stress of 11.000 pounds. 

Bequired defiection, see table, pages 213 and 214.= }^;qqq | ^f^ =0J3t^' 

Example 7. Lateral Defiection. Bequired the safe load on a 12 indi 8lK 
pound beam for a span of 16 feet without any lateral support or bracing. 

Tabular load, page 225, =24.000 pounds. 

Reduced safe load, page 214, 24.000x0.468=11.232 poonda. 
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4Indi 

13.6 PlMB^ 


of 
DileeliM 
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Id.O 
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11.4 
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CJ 
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0.15 


4 
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25.4 
20.3 


0.27 


5 


Si.i 
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7 

8 

9 

10 
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12 
13 
14 
15 

16 

17 
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44.0 
38.5 
34.2 
30.8 
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25.6 
23.7 
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20.5 

19.2 
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22.9 
20.1 
17.8 
16.0 

14.6 

13.4 
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HA 
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14.5 
12.7 
11.3 
10.1 

9Ji~ 
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1.06 
1.34 
1.66 
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2.38 
2.80 
3.24 
3.72 

4.24 
4.78 
5J6_ 



CROSS TIE SECTIONS 



Span 

in 

Feet 



3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 



Depth and Wei{^t of Sections 



6.5 Inch 
27.8 Pounds 



5.5 Inch 
24.0 Pounds 



40.6 



"50" 
30.6 

25.5 
21.8 
19.1 
17.0 
15.3 

13.9 
12.7 
11.8 



10.9 
10.2 

9.5 
9.0 



41.8 

30.2 
24.2 

20.2 
17.3 
15.1 
13.4 
12.1 

11.0 

10.1 

■ 9JB" 

8.6 



5.5 Inch 
20.0 Pounds 



27.6 

20.8 

17.3 
14.8 
13.0 
11.5 
10.4 

9.4 

8.7 

'"8.0" 

7.4 



4.25 Inch 
14.5 Pounds 



21.8 

14.7 
11.8 

9.8 
8.4 
7.3 
6.5^ 
"6:9 

5.3 



3 Inch 
9.5 Pounds 



12.2 

6.7 
5.4 

4.5 
3.8 



8.8 
8.0 
2.7 



Cbcffieiaiti 

of 
Pdleetion 



0.15 
0.27 
0.41 

0.60 
0.81 
1.06 
1.34 
1.66 

2.00 
'2.38 
2.80 
8.24 
3.72 

4.24 

4.78 



Loads above upper horiiontal lines will produce maximum allowable diear in webs. 
Loads below lower horisontal lines will produce excessive deflections. 
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BEAM SAFE LOADS 



CHANNELS 

AixowABLB Uniforu Load in Thoubands of Pounds 

Mudmum Bending Streea. 16.000 Pounds per Square Inch 
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Lowja nbovg upper boriioiiti] Kd« nUI produce rnuimum ilUiwible gheu in neto. 
Load, bdo- Io«r horiwntil li^a m\\ prodoM e>c<«.<e deSHbou 
For mumuun «J. lo«i.. «» p.g« 221. 



CARNEQIE STEEL COMPANY 



CHANNELS 



Allowable Uniform Load in Thousands of Pox7Ni>8 
Mazimum Bending Stress. 16.000 Pounds per Square Inch 



Spui 

in 

Feet 



2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 



Depth and Weight of Sections 



12 Inch 



40 
lbs. 



35 
lbs. 



181.9 

175.1 

116.7 

87.5 

70.0 

58.4 
50.0 
43.8 
38.9 
35.0 

31.8 
29.2 
26.9 
25.0 
23.3 

21.9 
20.6 
19.5 
18.4 
17.5 

16.7 
15.9 
15.2 
14.6 



14.0 



18.6 



1B2.6 

I lOd.i 

79.7 
63.7 

53.1 
45.5 
39.8 
35.4 
31.9 

29.0 
26.6 
24.5 
22.8 
21.2 

19.9 
18.7 
17.7 
16.8 
15.9 

15.2 
14.5 
13.9 
13.3 



12.8 



12.8 



30 
lbs. 



128.1 

71.8 
67.5 

47.9 
41.1 
35.9 
31.9 

28.7 

26.1 
23.9 
22.1 
20.5 
19.2 

18.0 
16.9 
16.0 
15.1 
14.4 

13.7 
13.1 
12.5 
12.0 



llJi 



11.1 



25 
Ibe. 



96.6 



64.0 
51.2 

42.7 
36.6 
32.0 
28.4 
25.6 

23.3 
21.3 
19.7 
18.3 
17.1 

16.0 
15.1 
14.2 
13.5 
12.8 

12.2 
11.6 
11.1 
10.7 



10.2 



9.8 



20% 
lbs. 



67.2 



9.1 



8.8 



56.9 
45.5 

38.0 
32.5 
28.5 
25.3 
22.8 

20.7 
19.0 
17.5 
16.3 
15.2 

14.2 
13.4 
12.7 
12.0 
11.4 

10.8 

10.4 

9.9 

9.5 



10 Inch 



35 
Ibe. 



30 
lbs. 



164.6 186^ 



123:2 
82.1 
61.6 
49.3 

41.1 
35.2 
30.8 
27.4 
24.6 

22.4 
20.5 
19.0 
17.6 
16.4 

15.4 
14.5 
13.7 
13.0 
12.3 



11.7 
11.2 



TT?rr 

73.4 
55.1 
44.0 

36.7 
31.5 
27.6 
24.5 
22.0 

20.0 
18.4 
16.9 
15.7 
14.7 

13.8 
13.0 
12.2 
11.6 
11.0 



10.6 
10.0 



25 

lbs. 



106.8 



64.7 
48.5 
38.8 

32.3 
27.7 
24.3 
21.6 
19.4 

17.6 
16.2 
14.9 
13.9 
12.9 

12.1 
11.4 
10.8 
10.2 
9.7 



9.2 

8.8 



20 
lbs. 



76.4 

TSJT 

42.0 

33.6 

28.0 
24.0 
21.0 
18.7 
16.8 

15.3 
14.0 
12.9 
12.0 
11.2 

10.5 
0.9 
0.3 
8.8 
8.4 



8.0 
7.6 



15 
lbs. 



48.0 

35.7 
28.5 

23.8 
20.4 
17.8 
15.9 
14.3 

13.0 
11.9 
11.0 
10.2 
9.5 

8.9 
8.4 
7.9 
7.5 
7.1 

"*6'i" 

6.6 



Loads above upper horixontal lines will produce maximum allowable shear in webs. 
Loads below lower horisontal lines will produce excessive deflections. 
For maiimum safe loads, see page 221. 
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BEAM SAPB LOADS 

CHANNELS 

AUjOwablk TJhipobu Load in THotrsANSB of Poc^b 

MuTlmnm Beading Su-eea, Ifl.OOO PoundB per Square Inch 
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CARNBQie STEEL COMPANY 
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BEAM SAFB LOADS 
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CARMEOIE STEEL COMPANY 
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BEAM SAFE LOADS 
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&75 1.25 

7JS9 1A2 

7.0ft ! 0.99 

6.19 0.85 

5.28 0.72 

4.27 058 



5.01 
4.48 

8.95 

8.41 
2.77 

4.91 
4.S7 
3.84 
8.31 
2.67 
2.13 
1.49 

1.81 
1.49 

1.17 

2.77 
2.45 
2.18 
l.Rl 
1.49 
1.17 

2.18 
1.81 
1.49 
1.17 
0.80 

1.04 
0.80 

1.01 

0.80 

o.se 

1.17 
0.99 
0.78 



0.88 
0.77 
0.67 
0.57 
0.46 

089 
0.78 
0.67 
0.57 
0.46 
0.35 
0.23 

0.41 
0.33 
025 

0.67 
0.58 
0.50 
0.41 
0.33 
0.25 

0.51 
0.42 
0.34 
0.26 
0.17 

0.2ft 
0.21 

0.2s 
0.22 
0.15 



7i) 
7.0 
7.1 
7.2 
7.3 
7.4 

5.7 
5.8 
5.9 
6.0 
6.1 

5i 
5.6 
5.7 
5.8 
5.9 
6.0 
6.1 

U 
4.5 
4.6 

4.1 

a 

4.3 
4.4 

4.5 
4.6 

a 

4.3 
4.4 

4.5 
4.6 

3.7 
3.S 

3.6 
3.7 

3.8 



0.84 3.4 
028 , 3.5 
0J22 ! 3.6 



^5i 



BEAM SAFE LOADS 



TEES 




I 


Allow ARLF. Uniform Load 


IN Thousands of Pounds 


Neatral Axis Parmllel to Flange 


Maximum Bending Stress, 16,000 Pounds, per Square Inch 


EQUAL TEES 




Sixe 


Weight 


IFoot 
Span 


Maximum Span 
360z Deflection 


Sise 


Weight 


IFoot 
Span 


Maximum Span 
360x Deflection 












Stem, 
Inches 


per 

Rwt, 

Pounds 






Flange, 
Inches 


stem. 
Inches 


per 

Foot, 

Pounds 




■ 


:heB 


Safe 
Load 


Safe 
Load 


Length, 
Feet 


Safe 
Load 


Safe 
Load 


Length,- 
Feet 


^H 


6H 


19.8 


52.80 


2.77 


19.1 


2H 


2H 


4.9 


4.37 


0.69 


6.3 




4 


13.6 


21.55 


1.89 


11.4 


2H 


2H 


4.1 


3.41 


0.53 


6.4 




4 


10.5 


16.85 


1.45 


11.6 


2 


2 


4.3 


3.31 


0.59 


5.6 


IH 


3H 


11.7 


16.32 


1.65 


9.9 


2 


2 


3.56 


2.77 


0.49 


6.7 


iH 


3H 


9.2 


12.69 


1.27 


10.0 


m 


IH 


3.09 


2.03 


0.41 


4.9 




3 


9.9 


11.73 


1.41 


.8.3 


IH 


IH 


2.47 


1.49 


0.36 


4.1 




3 


8.9 


10.45 


1.24 


8.4 


1^ 


IH 


1.94 


1.17 


0.27 


4.3 




3 


7.8 


9.17 


1.08 


8.5 


IH 


IH 


2.02 


1.01 


0.30 


3.4 




3 


6.7 


7.89 


0.92 


8.6 


IH 


IH 


1.59 


0.78 


0.22 


3.6 


JH 


2H 


6.4 


6.29 


0.90 


7.0 


1 


1 


1.25 


0.49 


0.18 


2.7 


JH 


2H 


5.5 


5.33 


0.75 


7.1 


1 


1 


0.89 


0.35 


0.12 


2.9 


UNEQU-A 


lL te 


es 




Sixe 


Weight 


iFoot 
Span 


Maximum Span 
360 X Deflection 


Sise 


Weight 


IFoot 

Span 


Maximum Span 
360x Deflection 












Stem, 
Inches 


per 

Foot, 

Pounds 






Flange, 
Inches 


Stem, 
Inches 


per 

Foot, 

Pounds 






inge, 
ches 


Safe 
Load 


Safe 
Load 


Length, 
Feet 


Safe 
Load 


Safe 
Load 


Length, 
Feet 


) 


3 


11.5 


11.33 


1.25 


9.0 


SH 


3 


10.8 


12.05 


1.42 


8.5 


) 


2H 


10.9 


8.96 


1.20 


7.5 


3H 


3 


8.5 


9.49 


1.09 


8.7 


IH 


3H 


15.7 


22.72 


2.37 


9.6 


3H 


3 


7.5 


9.07 


1.04 


8.7 


IH 


3 


9.8 


9.71 


1.07 


9.1 


3 


4 . 


11.7 


20.69 


1.92 


10.8 


IH 


3 


8.4 


8.32 


0.90 


9.2 


3 


4 


10.5 


18.35 


1.68 


10.9 


IH 


2H 


9.2 


6.72 


0.87 


7.7 


3 


4 


9.2 


16.11 


1.47 


11.0 


^H 


2J^ 


7.8 ! 5.76 


0.74 


7.8 


3 


3H 


10.8 


15.89 


1.66 


9.6 


I ; 5 


15.3 


33.39 


2.40 


13.9 


3 


3H 


9.7 


14.19 


1.46 


9.7 




5 


11.9 


25.92 


1.84 


14.1 


3 


3H 


8.5 


12.37 


1.26 


9.8 




4^ 


14.4 


27.09 


2.15 


12.6 


3 


2H 


7.1 


6.40 


0.89 


7.2 




4>4 


11.2 


21.12 


1.65 


12.8 


3 


2H 


6.1 


5.55 


0.76 


7.3 




3 


9.2 


9.60 


1.08 


8.9 


2iA 


3 


7.1 


8.96 


1.08 


8.3 




3 


7.8 


8.21 


0.90 


9.1 


2H 


3 


6.1 


7.68 


0.91 


8.4 




2H 


8.5 


6.61 


0.87 


7.6 


2H 


IH 


2.87 


0.93 


0.25 


3.7 




2H 


7.2 


5.^- ' - — ' • T 


2 


IM 


3.09 


1.60 


0.36 


4.4 


I 


S 


7Ji 




IH 


2 


2.45 


2.03 


0.37 


5.5 




lyi 


IH 


1.25 


0.57 


0.15 


3.7 














IH 


'A 


0.88 


0.14 


0.07 1.9 



CARNEOIE STEEL COMPANY 



ZEES 

Allowable Uniform Load in Thoubandb of PouiniB 

Ncatral Azfa FteaDd to 



Mudmum Bending; Streas. 16,000 PoundB per Square Indi 



Sat 



Depth, 



loeheB 



We«ht 

per Foot, 

Poonda 



IFoot 
Spui 



Sde 
Load 



Spu 



1 



6H 
6 

6 
6H 

6 
5H 

5 

5,'« 



5H 
5 

4A 
4 

4M 
4,'fl 
4 

4H 
4,'. 
4 

3 

3A 
3 

3A 
3 



3^ 
3A 
33i 

3^ 
3^ 

3M 

SH 
3A 

3H 

3H 
3A 

3M 

3M 
3i\ 

3M 

3H 
3,». 

3M 

3A 

3H 
3iV 

3A 
3H 
3A 

3A 
3H 
3i'<, 

2}i 

2ii 

2H 
2H 



H 
U 

H 

\i 

H 



H 

T 

H 



o 

7 

H 

A 

A 
H 

H 



34.6 
32.0 
29.4 

28.1 
25.4 
22.8 

21.1 
18.4 
15.7 

28.4 
26.0 
23.7 

22.6 
20.2 
17.9 

16.4 
14.0 
11.6 

23.0 
20.9 
18.9 

18.0 
15.9 
13.8 

12.5 

10.3 

8.2 

14.3 
12.6 

11.5 
9.8 

8.5 
6.7 

^4^ 



174.93 
162.35 
149.76 

150.40 
136.75 
123.20 

119.68 

104.85 

90.03 

119.47 
110.29 
101.01 

102.08 
91.95 
81.92 

79.36 
68.16 
56^.96 

77.44 
70.93 
64.53 

65.92 
58.67 
51.52 

49.81 
41.71 
33.49 

36.59 
32.64 

31.79 
27.41 

25.39 
20.48 



14.18 
13.30 
12.40 

12.19 
11.20 
10.20 

9.70 
8.59 
7.46 

11.58 
10.82 
10.03 

9.89 
9.02 
8.14 

7.69 
6.69 
5.66 

9.32 
8.67 
8.01 

7.93 
7.17 
6.40 

6.00 
5.10 
4.16 

5.93 
5.40 

5.15 
4.54 

4.12 
3.39 



Fed 



12.3 
12.2 
12.1 

12.3 
12.2 
12.1 

12.3 
12.2 
12.1 

10.3 
10.2 
10.1 

10.3 
10.2 
10.1 

10.3 
10.2 
10.1 

8.3 
8.2 
8.1 

8.3 
8.2 
8.1 

8.3 
8.2 
8.1 

6.2 
6.1 

6.2 
6.1 

6.2 
6.1 



STRUCTURAL DETAILS 



STANDARD GAGES AND DIMENSIONS FOR BEAMS 



I 



4. 



1 



-If* 



Uli..— ^ JlAl 




Nominal dimensions are: — ^flange width and"o''ineighths, web thickness 
^n. sixteenths. Gages for connection angles are determined by H web thickness. 
Standard gages may be varied if conditions require. 



Weight 



Lbs. 



90.0 

115.0 
110.0 
105.0 

100.0 
95.0 
90.0 
85.0 
80.0 

74.0 

60.5 

100.0 
95.0 
90.0 
85.0 
80.0 

75.0 
70.0 
65.0 

90.0 
85.0 
80.0 
75,0 

70.0 
65.0 
60.0 
55.0 

48.0 

75.0 
70.0 
65.0 
60.0 

55.0 
50.0 
45.0 
42.0 

37.5 



Flange 
Width 



In. 



9 

8 
8 
7H 

7H 

?| 

7 
9 
SH 

7 

QH 

7H 
7H 
THe 

7 

6H 
6 

6H 
6M 
QH 
6 



6^ 



Web 
Thick- 
ness 



In. 



H 

4l« 



14 
H 

H 

H 

Hie 
%e 

H 
H 



% 

i%e 

^e 

% 

Hie 
%e 

Tie 



HWeb 

Thick- 

nesB 



In. 



H 
H 

% 
% 
•He 
%e 

%e 

%e 
%e 



%e 
%e 

%e 



Tie 
%e 



e 

%* 

%e 
Tie 

<He 
%e 



%6 I %e 



Gage 
g 



In. 



4 
4 
4 

4 
4 
4 
4 
4 

4 

4 

4 
4 

4 
4 
4 

4 
4 

4 

4 
4 
4 
4 

3Ji 
3^2 
35i 
3Ji 

35^ 

3^ 

314 
3H 
3H 

3H 

3H 
3^ 

3M 

3H 



243 



Grip 
P 



In. 



H 
IH 

p 

%e 

1 
1 
1 
1 
1 

H 
H 
H 

1 
1 
1 
1 



H 
H 

H 

% 

H 
H 

H 

''ie 



Distance 



In. 



22 H 

20H 

20M 

20 5i 
20% 

20H 
20% 
20% 

20 

17 H 



6H 
6H 
6H 
6H 
6H 

7 

7 ■ 
7 

4H 
4M 
4>^ 
4H 

5M 
5% 
5% 
5% 

4% 

1% 
1% 
1% 
1% 

2H 
2H 
2H 
2H 



12% 



In. 



2% 



S 



^ 

H 

^ 
H 



% 

% 
% 
% 



% 
% 
% 
% 

H 
% 
% 

% 

^ 

H 
H 
H 

H 
% 
% 
% 



IH 



In. 



%e 



% 



%e 



% 

% 



Max. 

Rivet in 
Flange 



In. 



H 

H 
H 

% 
M 

H 
% 

% 



A 



CARNEGIE STEEL COMPANY 



srAMUUP ^.UOOiS AND DIMENSIONS FOR BEAMS 
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STRUCTURAL DETAILS 



STANDARD GAGES AND DIMENSIONS FOR CHANNELS 



<. 







-f^b" 



Nopilnal dimensions are: — flange width and "o" in eighths, web thickness 
in sixteenths. Gages for connection angles are determined by web thickness. 
Standard gages may be varied if conditions require. 
Gages for channels m riveted channel columns are given on pages 297 to 307. 



Depth 
of 
Channel 



In. 



15 



13 



12 



lO 



9 



6 

5 

4 
8 



Weight 
_per 
Foot 



Lbe. 



55.0 
50.0 
45.0 
40.0 
35.0 
33.0 

50.0 
45.0 
40.0 
37.0 
35.0 
32.0 

40.0 
35.0 
30.0 
25.0 
20.5 

35.0 
30.0 
25.0 
20.0 
15.0 

25.0 
20.0 
15.0 
13.25 

21.25 
18.75 
16.25 
13.75 
11.25 

19.76 
17.25 
14.75 
12.25 
9.75 

16.5 

13.0 

10.5 

8.0 

11.6 
9.0 
6.5 

7.26 
6.25 
5.25 

6.0 
6.0 
4.0 



Flange 
Width 



In. 



3K 

3H 
3M 
3M 
3% 

4H 
4M 

IM 

4H 
4 

3H 

3M 
SH 
3 

3Ji 

3H 
2K 
2H 
2^ 

2Ti 
2^ 
2H 
2^ 

2H 
2H 
2^ 

2H 
2M 

2H 
2H 
2H 
2M 
2% 

2K 
2K 

2H 
2 

2H 

IJi 

IH 



Web 
Thick- 
ness 



In. 



me 

%e 

iVie 
%« 

%« 

Hie 

%e 
%e 



%e 

P 

%e 

%e 

%e 

9i6 

9i6 

9i6 



HWeb 
Thick- 
ness 



In. 



%e 

%e 

IK 

%6 
%6 

Va 

M 

%e 

%e 
%e 

%e 

%e 

%« 

%e 

>i 

%e 

9ie 
%e 

^. 

%e 

>i 
%e 

%e 
H 

%6 



Gage 
g 



In. 



2K 

2M 

2 

2 

2 

2 

3 

2^ 
2fi 
2>i 

2M 
21^ 

2 
2 

H 

H 
H 

H 
H 
Vi 

H 

H 
Va 

H 






Max. 

Rivet in 

Fluige 
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BEAM CONNECTIONS 




Rivets Mid bolts !i" di 

Weightt gi'tn sie for W 

btBddHirwMnietaotbc 



STRUCTURAL DETAILS 



BEAM CONNECTIONS— Concluded 




LiMiTiNO Values op Beam Connections 






Value of 

Web 

Connection 


Values of Outstanding L^s of Connection Angles 


I Beama 


Field Rivets 


Field Bolts 


Depth, 
Inches 


Weight 
Pounds 

F^t 


Shop Rivets 

in Enclosed 

Bearing, 

Founds 


5^" Rivets or 

Turned Bolts, 

Single Shear, 

Pounds 


Minimum 

Allowable 

Span in Feet, 

Uniform Load 


t. 
In. 


Rough Bolts, 

Single Shear, 

Pounds 


Minimum 

Allowable 

Span in Feet, 

Uniform Load 


t, 
In. 


27 


90 


82530 


61900 


18.9 


H 


49500 


23.6 


24 


80 


67500 


53000 


17.5 


^ 


42400 


21.9 


% 


74 


64260 


53000 


16.4 


H 


42400 


20.4 


% 


21 


60H 


48150 


44200 


14.2 


% 


35300 


17.8 


H 


20 


65 


45000 


35300 


17.6 


H 


28300 


22.1 


H 


18 


65 


41400 


35300 


13.3 


H 


28300 


16.7 


H 


48 


34200 


35300 


12.8 


A 


28300 


15.4 


% 


1 e? 


42 


36900 


35300 


8.9 


% 


28300 


11.1 


H 


15 


37H 


29880 


35300 


9.7 


H 


28300 


10.2 


A 


12 


31^ 


23600 


26500 


8.1 


1^ 


21200 


9.0 


H 


28 


19170 


26500 


9.2 


A 


21200 


9.2 


H 


10 


25 


27900 


17700 


7.4 


Yf^ 


14100 


9.2 


H 


22yi 


22680 


17700 


6.8 


H 


14100 


8.6 


% 


9 


21 


26100 


17700 


5.7 


% 


14100 


7.1 


H 




18 


24300 


17700 


4.3 


H 


14100 


5.4 


H 


8 


17H 


19800 


17700 


4.4 


% 


14100 


5.5 


% 


7 


15 


11300 


8800 


6.2 


H 


7100 


7.8 


H 


6 


12H 


10400 


8800 


4.4 


% 


7100 


5.5 


H 


5 


m 


9500 


8800 


2.9 


H 


7100 


3.6 


H 


4 


7H 


8600 


8800 


2.2 


j% 


7100 


2.7 


H 


3 


5H 


7700 


8800 


1.3 


Vi 


7100 


1.4 


H 


Allowable: Unit Stress in Pounds peb Square Inch 


Single 
Shear 


Rivets Shop 12000 

Rivets and Turned Bolts... Field 10000 
Rough Bolts Field 8000, 


Bearing 


Rivets — enclosed . . 
Rivets— one side . 
Rivets and Turned 
Rough Bolts 


Shop . 

Shop ! 


30000 
24000 
20000 
16000 


Bolts, Field : 
Field 


\ 

t=sWeb thickness, in bearing, to develop max. allowable reactions, when beams frame of 


»posite. 


Connections are figured for bearing and shear (no moment considered). 




The above values agree with tests made on beams under ordinary conditions of use. 




Where web is enclosed between connection angles (enclosed bearing), values are greater I 
cf the increased efficiency due to friction and grip. 


)ecause 


Special eonneotions shall be used when any of the limiting conditions given above are exoe 
■oeh as end reaction from loaded beam bemg greater than value of connection; shorter spa 
beain fully l<Md«d; or a less thickness of web when maximnm allowable reactions are used. 


Bded- 
n with 
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BIIAM SEPARATORS 




'Fc»S",i" tndS' 



STRUCTURAL DBTAILS 



TIE RODS AND ANCHORS 



▲MXBXOAN BBIDGB COMPANY BTANDABD 



T ic. to c. of, 

nf I Deama. 




% INCH TIB RODS 



LiBNGTHB AND WbXGHTS FOB VaBIOUB DISTANCES C. TO C. OV BbaMS 

Weights include two Nuts 



CtoC. 


Length 


Weight 


CtoC. 


Length 


Weight 


C.toC. 


Length 


Weight 


jCtoC. 


Length 


Weight 


Ft.-IlL 


Ft.-In. 


Pounds 


Ft.-In. 


Pt.-In. 


Pounds 


Pt.-In. 


Pt.-In. 


Pounds 


Ft.-In. 


Ft-In. 


Pounds 


1-0 


1-3 


2.30 


1-3 


1-6 


2.67 


1-6 


1-9 


3.06 


1-9 


2-0 


3.42 


2-0 


2-3 


3.80 


2-3 


2-6 


4.17 


2-6 


2-9 


4.65 


2-9 


3-0 


4.92 


3-0 


3-3 


5.30 


3-3 


3-6 


6.67 


3-6 


3-9 


6.06 


3-9 


4-0 


6.42 


4-0 


4-3 


6.80 


4-3 


4-6 


7.17 


4-6 


4-9 


7.56 


4-9 


6-0 


7.92 


5-0 


6-3 


8.30 


6-3 


6-6 


8.67 


6-6 


6-9 


9.06 


6-9 


6-0 


9.42 


6-0 


6-3 


9.80 


6-3 


6-6 


10.17 


6-6 


6-9 


10.55 


6-9 


7-0 


10.92 


7-0 


7-3 


11.30 


7-3 


7-6 


11.67 


7-6 


7-9 


12.05 


7-9 


8-0 


12.42 


8-0 


8-3 


12.80 


8-3 


8-6 


13.17 


8-6 


8-9 


13.66 


8-9 


9-0 


13.92 



ANCHORS 



SwBDOK Bolt 




Weight includes Nut 



Diameter 


Length 


Weight 


Inches 


Feet -Inches 


Pounds 


1 


0-9 
1-0 
1-0 
1-3 


1.3 
2.3 
3.1 
6.1 



Bnii<T-lN Anchob Bolts 




6"x %"x r 

Plates 



Whunoenter to center of anchors is less than 
widtfa of washer, use washer with two holes. 



GOYBBNMBNT AnOHOB 




Jt 



^'' Rod 1' 9" long. Wt.. 3 lbs. 



Anolb Anchob 




2 Angles 6" x 4*^ xTie" x 0' 2^* 
Weight with H" bolts. 7 lbs. 
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BEARING PLATES 
lukuecM oi :iteei baaiing plates depend on the end '. 

II btariug, and unit pressure. The toUowii^E t»bfe i 
Us 111 isuaispanf. theaJloirablesafelaadsmthousandB 1 
r spitu 1)1 b«:iiii8 giving equivalent end reactioDB. \ 
:ST».sDiiu> BEAatsc Plates 





Bam 


3, 


BBrwPl.le 




L—", Ft. 


Drptli. Lh^ 


a 


Iil' 


S 


3 


■I" 




10 "5 




I xSi« 


, 


1 1 


9_ - 


























































s mt 


4x4x^! 2 


'i 


fm^ 




:, JSO 4 







will kpply &iBO t 



...(■^■wururKiuiaanltM 

ii.. Ill isiuiJ ileptti and «ul n 

[.tii^il Mil* tiiiiy be taken from the table of ptojeeticz^^ii 

ttii liclow. i-iiliulaii.'d from the following tonnulft. I* 

leogdi ot be&rlng plate. In Inches. 

-ttiddl ot bearing plKte, In Inctaea. 

[bk-kuassor bearing plBt«. In inches. 

ituifte vidih of be&m. In incbefl. 

-ivttOiiUQ on bearing plate. In pounds. 

.K-:-.\!iB. aUowsble unit pressure on muMir-:*' 

orwhen t = lMC»*'' 




^-.B,B-b, = | 

» rortnula for rolled steel slabs. ps£e26& 



I .,K. ii.imiiii'U'iiii opposite pagethe proper size bearingp'*'** 

. i.luiiii luvasim'. Multiply the width of 1hcplatebytt»* 

.,,. .1.,, ,..illlt..iih,'bfiuutl;m(wandselectfromthetablebelc»"«* ' 
■ I. Ill ;'liiiiiiliiis to (he value for tie given unit pressure. 

I'u.iJln rlON CoEPflCIENTS _^^ 



li..liua» ul Ihuiua PIkMe. in lodiTS 



m 


IM 


m 


1« 


1% 


iH 


m\ 
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Ul 








m 



SI 

















STRUCTURAL 


DETAILS 




















BEARING PLATES 








Safe RaauTAKCEa in Thovbakdb o 


r Pounds 




B«,ingPI.l« 


Pramire in Pound* per Squire Iceh 


Unslhj Width 

liU!ll«,lMb» 


75 


100 


12S 


150 


175 


200 


250 


301 


J 360 


^j 
































4 




4 


1,2 


~^ 


2.0 


2.4 


2.8 


3.2 


4.0 




8 5.6 





4 








s 




8 












t 


























* 




8 




* 


3 


2 


4 




4 






6 


a 




8 





9 


6 11 


2 


12 


8 




e 




Q 


2 


7 


3 


a 


4 




5 


4 


Q 


3 






g 





10 


8 13 


B 


14 


4 


■ 




8 
















2 




























10 


4 


5 


e 





7 




9 





10 


5 


12 





16 





18 


21 


( 


24 





/ ,' 


S 


S 


4 


8 


6 


4 


s 





g 


e 


11 


2 


12 




16 





10 


2 23 


4 


25 


a 


. « 










































• . 


12 


7 


2 





a 


12 





14 


4 


16 


8 


19 


2 


24 





28 


8 33 


6 


38 


4 




10 


7 


5 


10 





13 


5 


15 





17 


5 


20 




25 





30 


35 





40 


D 
















18 



























14 




5 


14 





17 


5 


21 





34 


5 


28 





35 





42 


4B 





56 





IS 


« 


12 




s 


14 


4 


18 





21 


6 


35 


2 


28 




30 


Q 


43 


2 50 


4 


57 


a 




12 
















25 


3 




4 


33 




41 






4 68 










12 


18 


14 


4 


19 


2 


24 





28 




33 


6 


3S 









67 


6 67 


3 


70 


8 




14 


14 


14 


7 


19 


Q 


24 




29 


4 


34 


3 


39 




4B 





68 


8 68 


Q 


78 


4 












22 






) 


33 


6 






4^ 




St 


3 


67 






SB 








18 


18 


9 


25 


2 


31 






a 














76 


6 88 


2 


100 


8 




14 


20 


21 





2S 





35 




42 





49 





66 









84 


9S 





112 







16 




10 


3 


25 


e 


32 





38 


4 


44 


s 


61 


2 


64 





76 


8 89 





102 


4 






IS 


21 




2B 


8 


3B 









60 














4 100 


8 


115 


2 




18 


20 











































IB 


22 


2e 


1 


35 




44 




62 


8 


61 


e 


70 




88 





105 


133 


2 


140 


8 




IS 


18 


24 


3 


32 


4 


40 


5 




Q 


56 


7 


64 




81 





97 


2 113 


4 


129 


e 




18 




27 






































s 


la 


34 


3S 




43 


2 


54 





69 
04 


8 


76 


I 


7£ 


2 


9£ 





lit 


8 138 


2 


15B 


4 


* 


20 


30 


30 





40 




60 




60 





70 


Q 


80 





100 





120 


140 




160 






20 


22 


33 




44 





55 





ao 








S3 








132 


154 





176 







20 


24 


30 

















S4 


- 












168 











20 


26 


3Q 





62 




66 




78 





01 




104 





130 





156 


182 




208 





1 


23 


22 


36 


3 


48 


4 


00 


fi 


72 


e 


84 




90 




131 





145 


2 109 


4 


193 


e 




22 


24 


39 














2 


















8 




2 




aa 
















8S 








114 


4 


143 









2 


228 


8 




22 


2S 


48 




61 


6 


77 





02 


4 


107 


6 


123 








184 


B316 









84 


24 


24 


43 


2 


67 


5 


72 




86 


4 


100 


g 


IIS 




144 





172 


8 201 


a 


230 


4 




24 






8 


02 








B3 




109 


2 


124 




150 





187 


2 218 




240 


6 




24 




50 




67 




84 








117 




134 












2 






_ 







24 


3D 


54 





72 





90 





108 





126 





144 




180 





216 


262 
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CARNGOie STEEL COMPANY 



DETAILS FOR PUNCHING AND RU'EmNG 



CONVENTIONAL SIGNS FOB BIVBTINO 



Sk 


pRfveU 


I 

1 

1 

i 


iddRima 


»r»v 


SkdvBinta 

Ait's- .?*.-■£. 


^ 


i i i 
I I i 


* i ^ 


,kl 


1 1 1 

1 1 1 


S 1 ^ 

llfy 


■i ■ ■ &-S-*-«-^-*-» =»ll 


e-*-»-«'-*-*^-*M" 



GAOE3 FOB ANGLES. INCHES 



il^ 



L^ 1 8 1 7 j e 1 6 1 -1 JH 3 2M| 2 Ik IH 


IM'lW 


1 


« 


g! :4j4 ■* |3m| 3 sii 2 IK iM iM 1 Ji 

ga 3 lajiiaH' a | 

g3 ! 3 1 3 ;2U H. 1 


H 


M 


K 


M 


M.. rnrt 1.1. 1 -, -, -, ■. - -^ ^- ■-'>; 


K 


M 


H 


M 


Uil>, n" l>« ( H iDch ttkk or 1m) mum Dolumn ahitt, g> = 


«' 


«■ 


=.1 





pt work to multiple punch, v 



~f7^ 

i-iH" ■■-V :■-.. 
lu'rt ■■ "'*"-■■ 

Vi jh" ■• I" DiBMwiibould be lM"pliMthie 

I'a'J^' " !'>' " ol iboid u^ca, but Dtnr loa thu 1". 



a' 


f»«"»- 


?M 


■■ K' ". 






j«: 


■■ 1" " 


r8:i---i^r--. 



■ vK .J 









B 


»>( 


• 


« la 1 liH 2 !2W 


3U. 


3a. 


^ 


an. 


1 


2MaM'2MI 2 l»l 













STRUCTURAL DETAILS 



RIVET SPACING 



MINIMUM STAGGER POH RIVETS 




1«. 


IK 


1Mb 


m 


1,'. 


i;^ 


Ws 


i« 


I'Mfl 


i!i 


]'«. 


IJ^ 


!'«« 


zMfl, 


2W. 


2W. 


T^ 


(J 


4i 


H 


■A 

























irt 


iMi 


tA 


U 


H 


H 


A 


W 


















1,'. 


l-Si 


lA 


iW 


1A 


iW 























I'i 


111 


IH 


IVI 


m 


1,'n 


iW 


1,V 


lA 


ii« 




''^ 


•i 














IH 












i« 


IKIA 











a. 


1 


^4 
1,'. 


m 


IH 


iM 


IN 


t>5 


m 


IJi 


iH 


2 


2H 


2n: 


an 


2« 


irt 


HI 


i« 


1^ 


2 


2A 




2A 


2W 


.H 


2H 


2M 


iW 


IV. 


IH 


111 


aw 


IH 


141! 


2A 


aw 


2M 


2« 


2A 


3|", 


2a 


2)J 


IM 


m 


itl 


l!i 


iK 


Ml 


2 


2W 


2,^ 


2A 


2,'. 


2^ 


2W 


2Ji 


m 


m 


iM 


HJ 


iJ* 


Hi 




aw 


mJsa 


3N 


2M 


25* 


3)1 


2)1 


2)1 


IW 


i^i 


iTi 


3 


2A 


2M 


aft 


2A 


2M 


an 


2,', 


21) 


3ii 


m 


S 




HI 
2A 


2 
2VS 








2A 

2h; 


m 

2,', 


2A 

2ii 


2M 
2)i 


2M 
2Si 

2)1 


2ii 
m 

2!1 

3 


2J^ 
3 

3A 


24i 


3A 
ill 


2M 

2A 


2A 

2,'. 


2>i 

2A 


2.V 

2M 


2fi 


25i 


211 




2.4 
2i^ 


2A 
2A 






2M 


2U 
2«1 
2H 


2% 
3 


an 

21t 

3A 


2ii 
3J< 


3 

ail, 


3A 

3A 

3W 


3A 
3M 
3H 


m 

JA 


3« 
3,'. 

3fl 


2H 
2M 


^i 







nlgw saA to right dI uppta- sigiBii line sre luge etioiigli ti'H" 
■don uid to TigH ol bwsr iigiac line an luge enongli tot H" ' 

MINIMUM RIVET SPACING 



Dii. of Itiv«. InchH 


M 


5^ 


a 


N 


Ji 


f« 


3 


3H 


^^=^ 


I, MiimDUD, Indutt- 


1 
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iM 


2 


«< 
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CARNBQIB STBBL COMPANY 

REDUCTION OF AREA FOR RIVET HOLES 
Area In Square iDchcB iDlameter ot Hole by Tbldmew of Metal 

Diameter of Hula in Iicba 



STAGGER OF RIVETS TO MAINTAIN NET SECTION 



2 Holes Out 



L^J 



j^^aniBter of rive 













Kivet 




si 


BiTri 


Km 


b 


b 


hi 


1 


IK 

i 


6M 


i 


is! 



RIVETS AND PINS 



STRESSES IN RIVETS AiSfD PINS 

Binta. Id transmitting stresses between riveted pieces, it 
istomary to disregard friction and to proportion rivets to the entire 
Teas to be traosmitted. They must be of sufficient size and number 
I re^st shear and to afford such bearing area as not to cause distor- 
on of the metal at the rivet holes. In the case of bc^amB which frame 
pposite and of single web girders, this latter condition often necesa- 
ilea a greater thickness of web than required by the shearing stresses, 
n a plate gjrder with ^b" web, ^" rivets CQAueotii^ the web with 
he flange angles would have a bearing value at 24,000 pounds unit 
tress of 5,630 pounds per rivet, while their value in double shear at 
2,000 pounds unit stress is 10,600 pounds jjer rivet; and it might be 
itcessary to increase the web thickness to %" or more in order that 
he pressure of the rivets upon the metal be not exoes^ve. 

Pin. Pins must be calculated for shearing, bending and bearing 
(leases, but one of the latter two will in moat cases determine 
iie. When groups of bars are connected to the saioe pin, as in 
>wer chord of truss bridges, the size of the bars must bo so chosen 
Qd the bars so placed that at no point on the pin will there be any 
Xcessive bending stress. When the size of pin has been determined 
~om the bending stress, the thickness of the bars or web of the post 
hould be investigated to provide sufficient bearing area, the bars 
^ag thickened or pin plates added if necessary. 

The following is the formula for flexure applied to pins; 
^= f ir d* ■*■ 32 or ^ f A d + 8, in which M = moment of forces 
3r any section through pin, f^fiber stress per square inch i 
ending, A^tho area of section, d^ diameter, ir =3.14159. The 
>rces are assumed to act in a plane passing through the axis of the 



ExAHFi-B 1. — A pin, Bee figure, hitito c&rry a. load of 
64,000 poundsi required the size at 24.000 pouadg Itber 
stress, iw«t""'"B tJiB dlat&nce between points of support 
to be fi Inches. 

Bendins niomeQt=O4,00OsS-J-4=SO,0OO inch pounds; 
use a 3M Inch pln: allowed moment: S0.900 Inch pounds. 

ExAUFLH 2. — Required the thickness of metal In th< 
top chord of a bridge to give Buffldeat bearing area to i 
3^-lncb pin. having to transmit a stress of 121,400 pounds 
at an allowed bearing preesure of 24.000 pounds per square 

The bearing value of a 3H-li>ch pin for 1 Inch thlcli 
of metal Is 81,000 pounds: therefore, the thickness of metal 
Tequlred=121,400-i-8l.0O0=lH Inch, or each wob ol 
chord must be a inch thick, lacluding pin platea. 




CARNEQIB STEEL COMPANY 



RIVETS 
Shearing and Bearing Values 

Values in Pounds, all Dimensions in Inches 



S3 



%-INCH RIVETS— Area .1104 Square Inch 



h 


Unit, Lbs. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


1 


Single Shear per Rivet 


770 


880 


990 


1100 


1210 


1320 




Double Shear per Rivet 


1540 


1760 


1980 


2200 


2420 


2640 




Unit, Lbs. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 


1 


1 

a 

1 




660 

980 

1310 


750 
1130 
1500 


840 
1270 
1690 


940 
1410 
1880 


1030 
1550 
2060 


1130 
1690 
2250 




A 


1640 
1910 


1880 
2250 


2110 
2530 


2340 
2810 


2580 
3090 


2810 
3380 



%-INCH RIVETS— Area .1963 Square Inch 



%-INCH RIVETS— Area .3068 Square Inch 



Unit, Lbs. per Sq. In. 



Single Shear per Rivet 



Double Shear per Rivet 



Unit, Lbs. per Sq. In. 



Q 

.s 

I 

.a 



n 
Id 

H 






7000 



2150 



4300 



14000 



1640 
2190 
2730 
3280 
3830 



4380 
4920 
5470 



8000 



2450 



4910 



16000 



1880 
2500 
3130 
3750 
4380 



5000 
5630 
6250 



9000 



2760 



5520 



18000 



2110 
2810 
3520 
4220 
4920 



5630 
6330 
7040 



10000 



3070 



6140 



20000 



2340 
3130 
3910 
4690 
6470 



6250 
7030 
7810 



11000 



3370 



6760 



22000 



2680 
3440 
4300 
6160 
6020 



6880 
7730 
8690 



Values below dotted lines are greater than double shear. 



1 


Unit, Lbs. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


Single Shear per Rivet 


1370 


1570 


1770 


1960 


2160 


2360 




Double Shear per Rivet 


2750 


3140 


3530 


3930 


4320 


4710 




Unit, Lbs. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 


1 


1 

a 

i 


l»o 


1310 
1750 
2190 
2630 


1500 
2000 
2500 
3000 


1690 
2250 
2810 
3380 


1880 
2500 
3130 
3750 


2060 
2760 
3440 
4130 


2250 
3000 
3750 , 
4500 






3060 
3500 


3500 
4000 


3940 
4500 


4380 
5000 


4810 
6600 


5250 1 
6000 1 

J 




2810 
8760 
4600 



6660 

7500 
8440 
9880 



256 



RIVETS AND PINS 

RIVETS 

Shearing and Beaeinq Values 

Tnlues <□ Pounds, Dlmensloua In Inches 
4-INCH KIVETS— Area .4418 Square Inch 



1 


Ull]l,lU.p=rSq.ln 


7000 


SOOO r flOOO 


lOOOO 


llOOO 


12000 


SingleShearpsfRivM 




3530 


3980 


"8840" 






DoubleSbearperRiv^ 


0190 


7070 


7930 


9720 


10600 




Trnil,Ll.,perSq.Ip. 


14000 


leooo 


18000 


22000 


24O00 




1 
1 


a 


26S0 


3000 


33aa 


37 SO 


4130 


4EO0 


3 




3940 
5910 


3750 
4500 

0760 


4220 
5060 

B7S0 
7590 


5030 
R440 


8190 
7220 

92S0 


6750 
10130 




H 


Q5Q0 


7500 


8440 


9380 


10310 


11250 



%-raCH RITBTS— Area .6013 aquaro Inch 



1 


niiit,Li».pgraq.iii. 


7000 


SOOO 


9000 


10000 


UUOO 


12000 


Sta»bSh-r»«Ei«l 


4210 


4S10 


5410 


00 10 


6610 ! 7220 






9620 
16OO0 


"isooo" 


20000 






■Uc.it.Lla.IMaq. In- 


14000 


22000 


24000 




1 




i^ 


4380 


4920 


5470 


6020 


€560 


1 




4590 

6130 
6890 


6130 

7000 


0890 


7660 
8750 


8420 
9630 


10500 
11810 




li 


8420 


9630 , ibaab ' 12030 




14430 



1-inch; ElVETS— Area 7854 Square Inch 



J 


1JBII,L1«.D«-Sq.ln. 


7000 


fiOOo 


7070 


-7^ 


llOOO 


12000 


8b«kgl.«irperTtin^t 
DsiibliiSluarperRiTC 










11000 


12570 




ISJlO 


17260 


18850 




™t.Ll..]14rB(i-Ii.. 


14000 


16000 


18000 


20000 


22000 


24000 








3500 


4000 


4500 


5000 


6500 


eooo 






















1 


a 




flOOO 


6750 


7500 


8250 


9000 


1 




















H 






0000 


10000 


11000 


12000 






/b 


7880 


9000 






123S0 


13500 








8750 






1260O 












11000 


12380 


13750 


15130 






H 


10500 


12000 






16500 


18000 




„ 


a 


iiaso 


13000 


14630 


10250 


17880 


19500 



«il Iba tn Its Ibu niide ibcar, 
id lina u« gmtar thu d«Ug Atu, 



CARNEQie STEEL COMPANY 









PINS 








Bkaeing Valdkb in Pocndb on Metal One Imch Thick 


Bearing Ta1uB=DliuneWr ol 


PM I Bearing Stren per Square Inch 


Kn 


BeirbiKSUaBn icFouodiiterfqiucB Inch 


"is^- 


sinsL 


12000 


150OO 


20000 


22000 


24000 


ii 


si 


is 


IE 


IE 


22000 

38500 


30000 
42000 


2^ 


3:B70 


27000 

30000 


IS 


40000 
45O0O 

fifiOOO 


00500 


54000 

aoooo 

66000 


8 


|:|f 


!5 


45000 
SS30O 


eoooo 

75000 


77000 


78000 

S4O00 


k 


12.666 
14. 86 


48000 
57000 


71300 


80000 

ssa 


88000 
93500 


102000 
114000 


Ii 


23:758 
S6.9a7 


s 


ii 


110000 


iS 


120000 

132000 
138000 


ii 


aa.tsa 


73000 


.11 


125000 


132000 

148500 


IS 


7 


38.485 


84000 

g;<ooo 


105000 
11(5300 


140000 


154000 
170500 


lesooo 


1 


56! 745 
BO. 132 


iS 


131300 


160000 
175000 


s 


204000 


11 


Ii 


111000 


lii 


1B5000 
100000 


s 


216000 
222000 i 
228000 1 
234000 ! 


ii 


lljs 

90.763 


ilE 


i.'iooao 

153800 


205000 


220000 
238500 


240000 ' 

|gSS8 j 


jl 


95.033 


132000 


65000 
70300 


220000 
235000 


242000 

IS 


364000 
2S200D 









RIVETS A^D 


PINS 










PINS 






BuNDiua MoMBNTB In Inch Pottnds 






Pin 


mm Sn™ in Pound. pCT Bqmn Inch 


ImIibi' 


Aio, 


15O00 


18000 


20000 


22000 1 22fiO0 


^«x, 


2500D 


ig 


2:40s 


790t 


isot 


10501 


iieo( 


2200 


.is 


iS 


11 


lis 


30fl0C 


308(K 


408W 


1730C 
4490( 


34S0( 


jii 


38300 


11 


M 


ii 


7580( 
93200 


S420t 


9260( 


JH 


If 


84300 

loszoo 


4 


12.566 
14.186 

III 

35:067 


11300C 
1B4I0C 


135-0": 

220900 
2557 OC 


150701 
345401 


165a0( 
27000( 


141400 
J09(10< 

27610( 
41990( 


ifloeoc 

29450( 
44790( 


157100 
18S400 
223700 

306800 

466600 


li 


IsiTis 


31810C 
4S200C 


381700 
543500 


42410f 
60390C 


46650C 

ae430t 


47710( 

ill 


84710( 

724eoo 


530100 
754800 


?g 


4i:i7B 


CBISOC 
62130C 


745501 


82S40( 


9J120( 
1005400 


|i| 


89790( 
09400< 


S41800 
U42600 


ii 


63:450 

eo:i32 


82690C 
9M40O 
9B6S00 


fi0230C 


110250t 


121280t 


1131000 
12404m 


13DB400 
132300( 


1507300 
1644200 


li 


IS 

74:662 


073500 
3MB0C 


1288300 
163790C 


143140t 
181W"" 


I574SOC 


l«10300 


171770£ 


|S 


10 

ioK 


78.540 

86:590 
00.703 


1704700(204570f 
1S20400 2105300 


24392(K 


josa^tx 


J7:i41(io292710C 


2043100 


is 


M 


Z23B70OiZ6S700O 
238890012800700 
2514700 3053000 


i98C20(: 


3284901 
3B0380C 


Mm 


^1200 



CARNEaiE STEEL COMPAN' 











ANGLES 








AiAjowABiM Tension Values in Thousands of Pounds 




Maximum Fiber St^eas, lOOOQ Pounds J>Bf Square Inch 




bZ. 


TUck< 


PoundB 


Am, 


N 


Areas »DclStf««a 


-T»nnol«DedL, 


tai 


H-iwh Rivm 


!^-Inch Biy^ 


^-InehRlcili 


Arm.^ 




















StKH 


Lk^s 


SOae 


iDchet'i 


S^ 


81 8 


^ 


Gl.O 




13 00 


2080 


325 


21 








II 








i9a:s 


2:4s 


199:7 










3:23 


11:4s 


183.7 


1.7 


18 .2 






ax 8 


u 


42.0 


2.34 














81 8 


3 .0 


















a 


3 .8 








9:3 












9:61 






8.5 


13 :3 


8,67 


188.7 


Si 8 


u 


29:a 


8. 68 


/fiS 








7.84 


125.1 


8. 8 








io8:o 


6:S7 


109:9 


7,00 


iia.0 


X 6 


1 


44.2 


13.00 


11.00 


176.0 


1 1.2 


180.0 






I 6 


!i 


l.T 


























g:s 


159:2 










10:73 


0: 


i45:a 


8.30 


148.8 








H 


3.8 


B.94 


8.44 




S.B 








X e 








7. 8 














2s!g 














'i5'I 




^ 




7:50 


e: 3 


102:9 


e:58 


ios:3 


0:73 


10T,S 




23:0 








S.S7 


93.0 


0.00 


fJS ■ 


X 6 


A 




b:b3 


5:05 


80:8 








S4.3 


6x a 


Jj 


33.1 


.73 


7.98 


127.7 


8.20 


131.2 






m e 


II 
























a: 94 














H 




.78 


6.41 


102.0 


6.58 


105.3 




t{ '■ 


ex B 


24-2 












0.17 


ex e 


S 
















*Sn ', 








4:75 


76:o 


4:87 






stl 




17:2 


6:0fl 


4.18 




4.29 


6S:6 


4:40 


ex 6 


M 


14.9 






57:8 






3.80 


6x 4 


K 


27 2 


7.98 


6,23 


99.7 


6.45 


103,2 






ex 4 




35.4 


7.47 








96,8 






Bs 4 






























80:5 


s:20 






1:1 






aoio 


fi:86 


4:01 


73.8 


4.77 


76:3 


4.92 


Ox 4 




18.1 












4.47 


ex 4 




















^ 








52:8 




54:6 




Bs 4 


12.3 


3:01 


2:80 


45,8 


2:0a 


47.2 


3:05 


fix3M 


% 


108 


4 02 


3 07 


587 


383 


B13 


3 98 


"T 




u 


15i2 






53:4 


3:49 


5G:8 




ii 




13-a 


:oo 


3:00 








3:25 


Gx3k 


i 














2.87 


















BX3M 


&.^ 


:66 


1:93 


30:9 


:oi 


32:2 


2:09 


33.* 


Gi 3 


M 


12.8 


3.75 


2 75 


44,0 


2 87 


4B9 


300 


48.J 


5i 3 


^ 


'9! 


2:s6 


211 


3a:s 


2:20 


3S:2 


2:30 


VI.* 


Bl 3 




8:2 


2.40 




28,3 






1.93 


30.11 





















TENSION VALUES 









ANGLES 








IJ-OWABIJ! Tension Values in Thodsandb of Poitniib j 




ess. 16000 Poun 


ds per Square Inch 




THck- 


■S' 


I^- 


N 


t Areas flpd fitraiea— Om Hole Dodw^tHi 


Ji-lBcb Eivett 


K-ta 


aivBta 


5^-InchIUvW. 1 














H 






In^'j 


Str™ 


Incbaa 


Stiwi 


Incluii 


Strag 


33 1 


8 73 


as5 


1416 


S-9fl 


143 4 






a 


3L0 


9 


09 


8 




i32[5 




38 


134!l 






H 




f 








123.0 




78 








11 


26.5 














18 








H 


24a 






6 


48 


103-7 


« 


56 


105.0 


6.64 


106.3 


A 


21.B 


t 


43 




87 


03.9 






95,0 




96.3 


H 
ill 






75 


^ 


62 


7^9 


4 


31 


7^9 


4!73 


t!'? 


H 


uie 


4 


36 


3 


98 


63!7 




03 


64!s 


4.08 


60:3 


H 


27 2 


7 


9S 


7 


10 


113,6 


7 


21 


116,4 






a 


25.4 






{ 


66 


106.6 






108,2 






H 




( 


94 








t 










u 












Bi;4 


5 


80 


9218 






H 


30-0 


5 


se 


6 


23 


S3.7 






85,0 


5.39 


86-3 


ft 


18.1 


5 


31 
















78.2 


M 






75 








4 


31 


69,0 




69.9 


ft 








3 




59.8 






60,8 






H 


12,3 


3 


ei 


3 


23 




J 


28 




3!33 


53!3 


H 


ifl.a 


4.92 


4.29 


68.6 


4 


37 


60,9 


4.45 


71.3 


ft 




4.47 












4-05 


ftlis 


M 














i 


56 


67!o 


3.62 


57,8 , 










i 


^ 


49,4 






50,4 




61,2 




10.4 


; 


i6 








^ 


72 


Z6.G 


3>7 
2.33 


44.3 

37,3 


H 


15.7 


4 


81 


J 


9a 


63,7 


4 


06 


66,0 


4 14 


66.3 


A 




















8!76 




H 








i 


25 


52"0 


i 


31 


53[o 




53!8 


ft 


11.3 


3 


31 


i 


87 


45,9 










47,7 


M 




S 


88 














3!68 




>". 


S.2 




40 


2 


09 


33,4 


3 


13 


34,1 




34!7 


M 


15,7 


4 


61 


3 


98 


637 


4 


06 


650 


4-14 


6S.2 


A 








I 




57,9 


i 


69 


60,0 




60-2 


?; 


12.8 
11,3 


3, 
3 


75 




25 








*6.0 


B^oa 


53.9 


M 












39> 


i 


53 


40,5 


2,68 




ft 


8.2 


: 


40 


S 


00 












34,7 


a 


6,B 










27!o 


1 


72 


2715 


I>S 


28.0 


H 


11.1 


i 


25 


2 


75 


44-0 


2 


81 


45,0 


3-87 


45.9 


A 














2 


49 








H 






4a 


1 


10 


33;6 






34:4 


3;20 




A 


7-3 


2 


09 




78 












29.8 


a 


6.6 




69 




44 




I 


47 


23.5 


\.M1 


^ lAa > 



CARNBOIB STEEL COMPANY 



ANGLES 



Allowable Tension Values in Thousands of Pounds 
Maximiun Fiber Stress, 16000 Pounds per Square Inch 



Sise, 
Inches 



3Mx33^ 
3Hx3>i 
3>|x3M 
3Hx3H 
3 3^x3 H 
3^x33^ 



3Hx 
3Hx 
3Hx 
3Hx 
3>4x 



3 
3 
3 
3 
3 



3Hx2 
3Hx2 
33^x2 

33^x2 >4 



3 

3 
3 
3 
3 



X 3 

X 3 

X 3 

X 3 

X 3 



3 x2H 
3 x2>^ 
3 x2>i 



2Hx2H 
23^x2H 
2^x2 >^ 

2}4^H 

2Hx 2 
2>^x 2 
2Hx 2 
2Hx 2 

2x2 
2x2 
2x2 
2x2 



2 xm 

2 xlH 
2 xl>^ 



Thick- 
ness, 
Inches 



H 









^ 
^ 



H 



re 






Weight 

per Foot, 

Pounds 



13.6 
12.4 
11.1 
9.8 
8.5 
7.2 
5.8 



10.2 
9.1 
7.9 
6.6 
5.4 



9.4 
8.3 
7.2 
6.1 
4.9 



9.4 

8.3 
7.2 
6.1 
4.9 



6.6 
5.6 
4.5 



5.9 
5.0 
4.1 
3.07 

5.3 
4.5 
3.62 
2.75 

4.7 
3.92 
3.19 
2.44 

3.39 
2.77 
2.12 



Area, 
Inches 2 



3.98 
3.62 
3.25 
2.87 
2.48 
2.09 
1.69 



3.00 
2.65 
2.30 
1.93 
1.56 



2.75 
2.43 
2.11 
1.78 
1.44 



2.75 
2.43 
2.11 
1.78 
1.44 



1.92 
1.62 
1.31 



1.73 
1.47 
1.19 
0.90 

1.55 
1.31 
1.06 
0.81 

1.36 
1.15 
0.94 
0.71 

1.00 
0.81 
0.62 



Net Areas and Stresses— One Hole Deducted 



K-Inch Rivets 



Area, 
Inches 3 



3.35 
3.06 
2.75 
2.43 
2.10 
1.78 
1.44 



2.50 
2.21 
1.92 
1.62 
1.31 



2.25 
1.99 
1.73 
1.47 
1.19 



2.25 
1.99 
1.73 
1.47 
1.19 



1.54 
1.31 
1.06 



Stress 



53.6 
49.0 
44.0 
38.9 
33.6 
28.5 
23.0 



40.0 
35.4 
30.7 
25.9 
21.0 



36.0 
31.8 
27.7 
23.5 
19.0 



36.0 
31.8 
27.7 
23.5 
19.0 



24.6 
21.0 
17.0 



^-Inch Rivets 



Area, 
Inches 3 



3.43 
3.13 
2.81 
2.49 
2.15 
1.82 
1.47 



2.56 
2.27 
1.97 
1.66 
1.34 



2.31 
2.05 
1.78 
1.51 
1.22 



2.31 
2.05 
1.78 
1.51 
1.22 



1.59 
1.35 
1.09 



1.40 
1.20 
0.97 
0.74 

1.22 
1.04 
0.84 
0.65 



Stress 



54.9 
50.1 
45.0 
39.8 
34.4 
29.1 
23.5 



41.0 
36.3 
31.5 
26.6 
21.4 



37.0 
32.8 
28.5 
24.2 
19.5 



37.0 
32.8 
28.5 
24.2 
19.5 



25.4 
21.6 
17.4 



22.4 
19.2 
15.5 
11.8 

19.5 
16.6 
13.4 
10.4 



^-Ineh Rivets 



Area, 
JnohegS 



3.51 
3.20 
2.87 
2.54 
2.20 
1.86 
1.50 



2.62 
2.32 
2.02 
1.70 
1.37 



2.37 
2.10 
1.83 
1.55 
1.25 



2.37 
2.10 
1.83 
1.55 
1.25 



1.64 
1.39 
1.12 



1.45 
1.24 
1.00 
0.76 

1.27 
1.08 
0.87 
0.67 

1.08 
0.02 
0.76 
0.57 

0.77 
0.62 
0.48 



Stress 



56.2 
51.2 
45.9 
40.6 
35.2 
29.8 
24.0 



41.9 
37.1 
32.3 
27.2 
21.9 



37.9 
33.6 
29.3 
24.8 
20.0 



37.9 
33.6 
29.3 
24.8 
20.0 



26.2 
22.2 
17.9 



23.2 
19.8 
16.0 
12i 

20.3 
17.3 
13.9 
10.7 

17.3 

14.7 

12.0 

9.1 



12.8 
9.9 

7.7 



262 



TENSION VALUES 



BARS 

Allowable Tension Values in Thousands op Pounds 

ROUND BARS SQUARE BARS 









Unit 


Unit 








Unit 


Unit 








Streas 


Stress 








Stress 


Stress 


Sise, 
Inches 


Area, 
Inches^ 


Weight 
per Foot, 
Pounda 


16,000 

Lbs. 

per 

Square 
Inch 


20,000 
Lbs. 
per 

Square 
Inch 


Sise, 
Inches 


Area, 
Inches^ 


Wdffht 
per Foot, 
Pounds 


16,000 

Lbs. 

per 

Square 
Inch 


20,000 

Lbe. 

per 

Square 
uich 


H 


0.012 


0.042 


0.2 


0.3 


H 


0.016 


0.063 


0.3 


0.3 


A 


0.028 


0.094 


0.4 


0.6 


A 


0.035 


0.119 


0.6 


0.7 


H 


0.049 


0.167 


0.8 


1.0 


H 


0.063 


0.212 


1.0 


1.3 


A 


0.077 


0.261 


1.2 


1.6 


A 


0.098 


0.333 


1.6 


2.0 


H 


0.110 


0.375 


1.8 


2.2 


H 


0.141 


0.478 


2.3 


2.8 


/. 


0.150 


0.511 


2.4 


3.0 


t\ 


0.191 


0.651 


3.1 


3.8 


H 


0.196 


0.667 


3.1 


3.9 


H 


0.250 


0.860 


4.0 


5.0 


ti 


0.249 


0.845 


4.0 


6.0 


A 


0.316 


1.08 


5.1 


6.3 


0.307 


1.04 


4.9 


6.1 


H 


0.391 


1.33 


6.3 


7.8 


II 


0.371 


1.26 


5.9 


7.4 


H 


0.473 


1.61 


7.6 


9.5 


0.442 


1.50 


7.1 


8.8 


H 


0.663 


1.91 


9.0 


11.3 




0.519 


1.76 


8.3 


10.4 


II 


0.660 


2.25 


10.6 


13.2 


o.eoi 


2.04 


9.6 


12.0 


0.766 


2.60 


12.3 


15.3 


0.690 


2.35 


11.0 


13.8 


H 


0.879 


2.99 


14.1 


17.6 


1 


0.785 


2.67 


12.6 


16.7 


1 


1.00 


3.40 


16.0 


20.0 


liV 


0.887 


3.01 


14.2 


17.7 


li^ 


1.13 


3.84 


18.1 


22.6 


IH 


0.994 


3.38 


15.9 


19.9 


1.27 


4.30 


20.3 


26.3 


l^ 


1.11 


3.77 


17.7 


22.2 


ii^ 


1.41 


4.80 


22.6 


28.2 


1.23 


4.17 


19.6 


24.5 


IH 


1.66 


6.31 


26.0 


31.3 


Iti 


1.35 


4.60 


21.6 


27.1 


U% 


1.72 


5.86 


27.6 


34.5 


1.48 


5.05 


23.8 


29.7 


1% 


1.89 


6.43 


30.3 


37.8 


lA 


1.62 


5.52 


26.0 


32.5 


lA 


2.07 


7.03 


33.1 


41.3 


iH 


1.77 


6.01 


28.3 


35.3 


IH 


2.26 


7.65 


36.0 


45.0 


lA 


1.92 


6.52 


30,7 


38.4 


lA 


2.44 


8.30 


39.1 


48.8 


IH 


2.07 


7.05 


33.2 


41.6 


1^ 


2.64 


8.98 


42.3 


62.8 


j« 


2.24 


7.60 


35.8 


44.7 


Ul 


2.85 


9.68 


46.6 


67.0 


2.41 


8.18 


38.5 


48.1 


IH 


3.06 


10.41 


49.0 


61.3 


si 


2.58 


8.77 


41.3 


51.6 


m 


3.29 


11.17 


62.6 


66.7 


2.76 


9.39 


44.2 


65.2 


IH 


3.62 


11.95 


66.3 


70.3 


2.95 


10.02 


47.2 


69.0 


Ui 


3.75 


12.76 


60.1 


75.1 


2 


3.14 


10.68 


50.3 


62.8 


2 


4.00 


13.6C 


64.0 


80.0 


iS 


3.34 


11.36 


53.5 


66.8 


2A 


4.25 


14.46 


68.1 


86.1 


3.55 


12.06 


56.7 


70.9 


2H 


4.62 


16.35 


72.3 


90.3 


iS 


3.76 


12.78 


60.1 


76.2 


ig 


4.79 


16.27 


76.6 


96.7 


3.98 


13.52 


63.6 


79.5 


6.06 


17.22 


81.0 


101.3 


lA 


4.20 


14.28 


67.2 


84.0 


2A 


6.35 


18.19 


85.6 


107.0 


4.43 


15.07 


70.9 


88.6 


2H 


5.64 


19.18 


90.3 


112.8 


iA 


4.67 


15.86 


74.7 


93.3 


2A 


6.94 


20.20 


96.1 


118.8 


4.91 


16.69 


78.5 


98.2 


2H 


6.26 


21.25 


100.0 


126.0 


2A 


5.16 


17.53 


82.5 


103.1 


2A 


6.67 


22.33 


105.1 


131.3 


2H 


5.41 


18.40 


86.6 


108.2 


2% 


6.89 


23.43 


110.3 


137.8 


2|l 
2k 


5.67 


19.29 


90.8 


113.6 


2{\ 


7.22 


24.56 


116.6 


144.5 


5.94 


20.20 


95.0 


118.8 


2H 


7.56 


25.71 


121.0 


161.3 


211 


6.21 


21.12 


99.4 


124.3 


2il 
2k 
2i! 


7.91 


26.90 


126.6 


158.2 


2^ 


6.49 


22.07 


103.9 


129.8 


8.27 


28.10 


132.3 


165.3 


211 


6.78 


23.04 


108.4 


136.5 


8.63 


29.34 


138.1 


172.6 


3 


7.07 


24.03 


113.1 


141.4 


3 


9.00 


30.60 


144.0 


180.0 
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GRILLAGE FOUNDATIONS 

Grillage BcuBs. In the design of foundations for columnSi pien 
and walls, provision must be made for the uniform distribution of 
the load over the footing. This is best done by the use of a grillage 
of steel beams and concrete. This method of construction elimin- 
ates deep excavations and large masses of masonry and is, theretore, 
truly economical. For heavy loads on soils of small bearing 
capacity, three tiers of beams may be necessary; while for lighter 
loads or better soils two tiers, or even one, may suffice. 

The lower tier should rest upon a solid bed of concrete of sufficient 
thickness to distribute the load to the soil. Good practice requires 
the spaces between the beams in all the tiers to be filled with, and 
the beams enclosed in, concrete not less than four inches thick. 

The clear distance between the flanges of the beams in each tier 
should not be less than 2)4, inches, nor more than three times the 
flange width. The first requirement is necessary to permit the 
introduction and proper tamping of the concrete, the second, to i 
insure uniform distribution of the load. When separators are used 
to hold the beams in position, they should be of gas pipe, as cast iron : 
separators tend to break the continuity of the concrete. Grillage j 
beams should not be painted, as concrete does not adhere well to 
painted surfaces but is itself an excellent preservative of steel 

To determine the area in square feet required for the foundation, 
divide the total load on the column, pier or wall by the allowable 
pressure per square foot on the soil. This gives the area of the 
footing, the shape of which is determined by local conditions. On 
the assumption that the loads on the soil are uniformly distributed, 
the number, size and weight of the beams required are determined 
from the maximum bending moment, the maximum shear, or the 
maximum web resistance to buckling, as follows: — Let 

W=Total load on the foundation, in pounda. 

-5 — . . -5— L =Length of beam, in feet. 
' iiil[i[j[i|j I a =Length of loaded portion, in feet. 



llllllllllllllllilllllHIil 
•♦—— Lr- *' 



L 



d =Depth of beam, in inches. 

t =Thickness of beam web, in inches. 

n =Xumber of beams in a tier. 

fb=Allowable unit web buckling resistance. 
The maximum bending moment occurs at the center of the beam 
and is equal in foot pounds to W (Lr-a) -»- 8; this formula is 
identical with the formula of maximum bending moment for a 
beam of length (Lr-a) under a uniformly distributed load, W. 

The proper size of beam in any tier as regards flexure at a fiber 
stress of 16,000 pounds per square miik TXi«.y be found in the beam 

7XA 
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Bafe load table for the length corresponding to (L — a), by dividing 
the total load by the number of beams. 

Or may be found from the table of maximum bending moments, 
by dividing the total bending moment by the number of beams; 

Or from the table of properties, by dividing by the number of 
beams in the tier the total section modulus required, which 

is equal to ^ ^z^o""^ 

Note, however, that the load on the beam for any span must not 
exceed the maximum tabular safe load for shear. 

The maximum vertical shear occurs at the edge of the column 

base or at a distance in feet of -ry — from each end of the beam and 

IS equal to -j^ ^ — § — 

Web thickness, t, to resist average shear — j^ x — |^ x n^^dxioooo 

Or, the average vertical shear — j^ x — - — x n^^xt ».^^^^ must not 
exceed 10,000 pounds per square inch. 

The maximum buckling stress occurs on a length in inches of 

12 a + d/2 and is equal in total per lineal inch of web to i2a + d/2 
The required thickness of web, t, to resist buckling= 



nx(12a + d/2jxfb. 

Or the average web resistance per square inch to buckling= 

nx(i2a + d/2)xt ^^^^ must not exceed the tabular values for 
the allowable buckling resistance on beam webs. 

Rolled Stod Slabs. To distribute the loads from columns over 
girders, grillage beams, etc., solid slabs of rolled steel may be 
advantageously used in the place of cast iron or riveted steel bases, 
€?tc. The size of the slab is usually fixed by the dimensions of the 
column and its thickness is determined from the maximum bending 
moment, on the assumption of uniform loading, as follows;— Let 

W=Total load, in pounds. 

A =Width of slab, in inches. 

B =Length of slab, in inches. 

t =Thickness of slab, in inches. 

a ==Outside dimension of column, in inches. 

b =Outside dimension of column, in inches. 

The maximum bending moment will occur at the center of the 

slab and equals, in inch pounds, g"" or g" , and at a 

fiber stress of 16,000 pounds per square inch, the required thickness 

of slab, t, = \/3W(A--a) ^^_ \/3W(B--b^ 
" * * > 64,000 B > 64.000 A 
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Steel BlkbSSlSfi'xEjf' 
1 » 90 lb. Beami ID E'ltW 



EiuupLB Bequirad to design & Krillage toundDitioa for B colunin totdo' 

1 040 000 pounds an soil with an allowable beorins capacity of S 000 pomvi' 

per square fool Column composed o( Iwebplata 14 iw 4 flange »i«l* I 

a x4 iH and 4 flange plates, 14 x 7^ . outside dimensions 14 x IS 

Required area of tootlDE=l,040,000-f- 6,000^173,33 square feet, ' 

Use area 12' 0" s 15' 0"^1S0 square feet. | 

Assume 3' 0" square as tbe dlmenslous of che rolled steel slab or ctdDOii | 

base and allow 0" for concrete on cbe sides and enda of beams, tbcn thedlvHH' | 

sions of the steel grillage will be 10' 6" i 13' G", concrete being saaumcdpl | 

suffldont thickness am] strength to dlslrlbute bo the edges. 



llolied Steel atab 

ThlckntwB requlccd, t.^'\^ 



h: 
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) 
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Bottom tiai^-i/=i3.6 lata: t= a.o 
Required Mtbl section modulus. B. 
Ubo 13—15" eo lb. 



.040.000 T 
32.000 
section mDdulu^=l ,055.6 



1.Q4O.OO0 lO.B 



' 13 X IS X .59 ' 



3,515 lbs. per sq. in. 



Top tier — Ir^IO.S feet; a=3.0 fact 
Bequtred total section modulus, S,= 



= 6.I401bB. persq. In. 



Average buckling et 



~ 4 X 48 X .63 



«.6O0 lbs. per aq. in. 



I Pitt* Girder GriUica Faanditiau. In those caaes where columns carry 
very heavy loads, plate girders are used tor the top tier of t 
SrUlage rather than bea ma. In the caseof aymmetricalfoundatiooa, 
the method of computation is the same as has already been illus- 
trated in the case of beams. The following example indicates the 
pfocedure in the quite frequent case of unsymmetrical loading 
'i^uiditionB : 



i,2eo,iwoiH 




1 Flugs PlmUa H ■ f 
iWcbPliteiSiK 

2 Wab Beiiir, F1hI« 



IW«b Itanf. Plata M ibiet 
Bch gad om FUcas AiEka 
StiSaHirAitfaEiSHiH 
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I EzAMrLs; — ^Required to design a grfDage fonndatfon under ma 

I wall colonm carrying a load of 840.000 poonda, and an interkir eotuiBn vftli 

I a load of 1.260,000 pounds, on toil with an allowable *»*iM»"e eapadtj at 

I 8,000 poondfl per iquare foot. 

] Bequired footing area of wall colnmn — ^^£S^ =105 aqoaie feel. 

Uae area 8' 0" x 14' 0"= 112 square feet. 

Required area of interior column footing — ^'^!?ff^ ^157.5 aqiiare feet. 

Use area 12' 0" x 14' 0"=16S square feet. 

With these dimensions and areas, the load on the soO will be imifonn st 
7.500 pounds per sriuare foot, and the footings the same width, both at whidi 
are desirable from tlie standpoint of imiform settlement. I 

Rolled Steel Slabs for Column Footings: Assume a width of 30" and a ' 
length of 32", then the required thickness win be as foDowB: — 

WaU column, t, = \/ ^ ^ ^^^^^"^^^ = ^-^ i^'- «se 5". 

Interior column, t, = a /3 x lf260.000 x (32 — 16) ^ ^^^ in.; use SH"- 

^ o4,0U0 X oO 

Plate Girders: Maximum bending moment occors at the inner beams of 
the respective footings, and is equal to the load on tlie column multiplied by the 
distance of its center from the centw of moments. 

M max. from wall column = 840.000 x 2' 6"=2, 100,000 foot pounds. 
M max. from interior column=l ,260,000 x 1' 8"^=2, 100,000 foot pounds. 

2 100 000 X 12 
Required section modulus of two girders^ — ■ — leQQQ =1,575.0 in.« 

Select from girder safe load table, page 284, two girders composed each of 
1 web plate 30" x H", 4 angles 6" x 4" x ^", and 2 flange plates 14" xH":— 
Total section modulus, S = 2 x 792.3=1.584.6 in.« 

Maximum shear occiu^ at the inside edge of the steel slab under the intwior 
column, and is eciual in total for the two girders to the load carried by the 
portion of the footing between that point and the inside edge of the footing, . 

or ^'^^'f£? ^ ^^ =680,000 or 340,000 pounds per ghrder. 

At 10,000 pounds per square inch, the 36" x H" plate girder web is good for 
180,000 pounds; therefore, it is necessary to use reinforcing web plates whew ■ 
the shear exceeds that amount. ^ 

Beams, Lower Tier, Interior Column: 

Required total section modulus, S, = ^ ^^'^^'^^^'^^ = 1.1423 ia» 

Use 13—18" 55 lb. beams — Total section modulus = 1.149.2 in.« ' 

AveraKo shear = l^|f^ x ML x ^3^/3^^, = 4.620 Ibe. peraq-Hu , 

Average buckling stress = i3^x43'x^.46 = ^'^^ ^^* P^r «l- in- 

For exterior column use 9—18" 55 lb. beams. I 

Note. — In order to facilitate manufacture and shipment, it is I 

desirable to use for the entire foundation as few sizes and weighte 

of boams as possible, and the rolled steel slabs should be of the 

saiDO thicknesB or at least of as few thicknesses as really convenient. 

_ 
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RIVETED BEAM AND PLATE GIRDERS 

Where single rolled beams are insufficient to carry the loads, the 
required capacity may be secured by fabrication in various methods. 

Two beams can be used, connected together by bolts and separa- 
tors. The total strength of these is twice that of the single beam 
of the same depth and weight. Care should be taken, however, to 
see that the loads are applied on them equally, and where it is 
necessary for the beams to act as a unit, the separators should be of 
plates and angles and not of cast iron. If the loading is not uniform 
on the two sections, their strength must be computed separately. 

The use of single beam girders with plates top and bottom to 
sustain a given load is often more economical in material than the 
use of two beams connected by bolts and separators. 

Box girders formed of two beams with flange plates riveted thereto 
are often used for supporting interior walls in buildings. They 
are not, however, as economical in material as single beams with 
flange plates or plate girders. Their interior surfaces do not admit 
of repainting and they should, therefore, not be used in exposed 
places. 

The most economical section to sustain heavy loads is the single 
web plate girder and it is sufficient for all ordinary purposes. When 
not so, two single web plate girders may be used, together with tie 
plates extending clear across the angles, or box girders may be 
made of four flange angles, two web plates and top and bottom 
flange plates. In case there is unequal distribution of the load, 
the two girders or half girders must be figured as separate units. 

In the design of beam or plate girders, care must be taken to see 
that the web is of sufficient thickness to resist budding stress and, 
therefore, attention is called to the construction specifications and 
to the remarks made on page 216 as to shearing stresses in general. 

The tables which follow give first, a selected line of riveted beam 
girders of approximately twice the carrying capacity of the single 
beams of which the sections are built; second, a selected hne of 
riveted plate girders of various depths and carrying capacities such 
as are customary in building work; third, elements of riveted plate 
girders of various depths from which it is possible to select econom- 
ical sections for almost any ordinary condition of loading. In 
addition to the properties, the first two tables give the safe loads in 
thousands of pounds imiformly distributed. 

In accordance with the construction specifications, these girder 
tables are based upon the section modulus of the gross area of the 
section, with bending stress allowed at 16,000 pounds per square inch. 
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RIVETED BEAM GIRDERS 
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RIVETED BEAM GIRDERS— Concluded 
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RIVETED PLATE GIRDERS 
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To obtain a girder suitable to carry any specified 
loading, determine the maximum end reaction in pounds 
and the maximum bending moment in inch-pounds. 

Select from the table a girder having the desired 
depth, a thickness of web as determined by the maximimi 
end reaction and a suitable section modulus as deter- 
mined by dividing the bending moment by the permissible 
stress per square inch. 

For limiting conditions see explanatory notes and 
Construction Specifications. 

Weights given do not .include stifFeners, rivet heads, 
or other details. 
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15T.5 








Ol6i« 


16 1 ;^ 










lS7,fi 


1386 






6i4nK 


lOx Jt 






S5 




lOU 


1368 






6X6XM 


i6x;i 


180 





96 


2 


1B7J 








X 4 X H 




127 


3 




118.1 


MS 






ex6x>S 




140 


9 






679 






6x4x5i 










118.1 








OxBxN 










1S3.8 1 


660 






6 jc 4 I !i 




150 


9 






734 






0x6x!i 




177 


8 




183.8 1 








0x4xM 










118.1 


781 






6 I 4 I -i 


14 XM 






47.6 




824 
824 






(!x4iH 
fixOxJi 


16 xH 


127 


3 


54 


* 


U8.1 
1S8.S 








a X a X M 


- 14xM 


140 


9 


47 


6 


1SS3 


853 






6i4xJi 


14 XH 


127 








118.1 


872 






OxOxM 


16 xH 










1S3.S 








ax8xM 


14 xN 


140 




5B 


5 




B34 




42l7,is 


6l4l5^ 


14 xH 


142 




60 




118.1 


9S4 






Ox6xM 


iflxM 










183.8 








exBxH 


UxJi 


140 






4 


183.8 


988 






0x4xN 


18 I M 


142 




SS 





118.1 


flB5 






(ixBxH 


14 xH 










183.8 








6x4x5^ 


14 XK 


142 










1048 






Ox6x!i 


10 XH 


1S9 


3 


68 





183.8 


1066 






0x6xH 


14 xM 


159 








183.8 








ax4xji 


14 xM 


166 
















BxfliH 


16 xK 


159 


3 


81 





183.8 


1147 






Oi4i3i 


18 XM 






81 


e 


118.1 








6x6xJi 


14 I M 




3 






183.8 








0x6xJS 


tOxH 


159 


3 


05 


2 


183.8 


1219 






X 6 X K 


laxH 


177 


3 


81 


6 


1S3^ 


1300 






Ox6x?i 


16x Ji 






96 


2 


1S3.S 


1387 






0x6xJi 


16x?i 


194 


9 


95 


2 


183.8 








6i4xH 




136 


2 




13S.0 


563 






X X V^ 










aio.0 






42XM 


ex4xM 




151 


1 






659 






6xex!^ 




168 


2 




210.0 


678 


* 




6i4xJi 




105 






136.0 



GIRDERS 



RIVETED PLATE GIRDERS— Continued 



'Beetbn 
Moduhis, 


Siie in Inches 


Weight per Foot, 
Fonnds 


Maximum 

End 
Reaction 












Am. 1-1, 


Web 


Flange 


FHtuge 


Web Plate 
and 


Flange 


in 

Thousands 

o! 

Pounds 


Iiiehe8>^, 


PUtes 


Angles 


PlatM) 


Flange 
Angles 


Plates 


752.8 




6x6xM 




186.2 




210.0 


755.8 




6x4x>g 




180.2 




135.0 


799.2 




6x4xH 


14 xH 


136.2 


47.6 


135.0 


841.7 




6x4xH 


16 xH 


136.2 


54.4 


135.0 


842.7 




6x6xK 




203.8 




210.0 


848.1 




6x6xH 


14x>4 


149.8 


47.6 


210.0 


870.8 




6x4xH 


14 x^ 


136.2 


59.5 


135.0 


8d0.6 




6x6xH 


16 xH 


149.8 


54.4 


210.0 


919.4 




6x6x H 


14 x^ 


149.8 


59.5 


210.0 


952.6 




6x4x^ 


14 x^ 


151.4 


59.5 


135.0 


972.6 




6x6xH 


16 x^ 


149.8 


68.0 


210.0 


990.8 




6x6x J^ 


14 xM 


149.8 


71.4 


210.0 


1005.7 




6x4xH 


16 xH 


151.4 


68.0 


135.0 


1012.9 


42xH 


6x6xH 


14 x^ 


168.2 


59.5 


210.0 


1023.7 




6x4x^ 


14 xM 


151.4 


71.4 


135.0 


1066.0 




6x6xM 


16 x^ 


168.2 


68.0 


210.0 


1083.7 




6x6x^ 


14 xM 


168.2 


71.4 


210.0 


1101.7 




6x4x5^ 


14 x^ 


165.8 


71.4 


135.0 


1147.5 


. 


6x6xH 


16x5^ 


168.2 


81.6 


210.0 


1165.4 




6x4x5^ 


16 xM 


165.8 


81.6 


135.0 


1173.6 




6x6xM 


14 x^ 


186.2 


71.4 


210.0 


1229.0 




6x6x ^ 


16 x% 


168.2 


95.2 


210.0 


1237.4 




6x6x5^ 


16 xM 


186.2 


81.6 


210.0 


1318.4 




6x6x5i 


16 xK 


186.2 


95.2 


210.0 


1321.2 




6x4xK 


16 xK 


180.2 


95.2 


135.0 


1404.7 




6x6x J^ 


16 x% 


203.8 


95.2 


210.0 


466.9 




6x4x H 




110.4 




121.5 


512.7 




6x6x H 




120.8 




180.0 


567.4 




6x4xH 




126.0 




121.5 


628.9 




6x6xH 




139.6 




180.0 


664.9 




6x4x^ 




141.2 




121.5 


714.4 




6x4x^ 


14 xH 


110.4 


35.7 


121.5 


741.3 




6x6x^ 




158.0 




180.0 


760.8 




6x4x ^ 


16 xH 


110.4 


40.8 


121.5 


758.5 


48x5^ 


6x4x^ 




155.6 




121.5 


750.5 




6x6x^ 


14 xH 


120.8 


35.7 


180.0 


796.9 




6x6x^ 


16 xH 


120.8 


40.8 


180.0 


797.0 




6x4x^ 


14 xH 


110.4 


47.6 


121.5 


641.9 




6x6x^ 


14 xH 


120.8 


47.6 


180.0 


848.3 




6x4xK 




170.0 




121.5 


S50.1 




6x6x5i 




176.0 




180.0 


890.4 




6x6xH 


16 xH 


120.8 


54.4 


180.0 


805.5 




6x4xH 


14 xH 


126.0 


47.6 


121.5 
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CARNEQIE STEEL' 


COMPANY 




RIVETED PLATE GIRDEBS— Continued 


SMliw 


anmlubM 


"tS^"'' 


Muimua 

EDd 

R«cti« 














All. 1-1, 


Wri, 


Sg: 


te 


Web Plate 

FkEge 
Anglai 


?K 


Tho^uid. 


924.3 




OxfixH 


t4x!i 


120.8 


59.5 


180.0 


»M 






6l4xK 


IfliJi 








121.5 




2 














180.0 








0x6. >i 


14x}i 


139 


6 


47.6 




B77 






8l4l}i 


14 XM 






5S.5 


121.5 








8X6IH 


16 I M 






51.4 


180.0 


1037 






6i6sJ^ 


14 kH 


139 


6 






1072 


7 




6i4iM 


14 xH 






59.6 


121.6 


loes 


2 




6I6XJ4 


lax^ 








130.0 


1119 






esflsK 


14 x« 


139 




71-4 




1133 


3 




Gi4iH 


16x54 








121.5 


1147 


1 


48. M 


6161JS 


11 xM 


158 






180.0 


1164 






6x4x54 


14 XK 






71.4 




1207 


8 






18 xH 








180.0 


1228 






axaxH 


11 «« 


168, 


3 


71.4 


iao.0 


1246 






ei4xji 


14 xM 






71.4 




1301 


I 




6x8xH 


18 XM 


158 







180.0 








Gx4iJi 


18XM 






81.6 




1334 







6x8xJi 


14x:M 
















0!<6xM 


16 xK 


168. 






i8ao 










18 xM 




3 


81.6 




1498 






flx4xM 


18XJ4 








121.5 




7 




SiaxJi 


16xJi 


176 


) 


95.2 


180.0 


1801 








16x Jfi 


193 


« 


95.2 


180.0 


501 






Ox4xM 




136 


2 




141.8 


852 


7 
















BSS 






6x4xH 




151 


4 




141.8 








BiBx JS 










2iao 


782 






ex4xji 












872 






ex4xH 




180 


2 




U1.8 












186 






310.0 




S 




8X4XM 


llt>S 




2 






067 


3 


48 X '^a 


Bs4xH 


18 I M 


136 






141.S 


979 









203 






2iao 


979 









14x>j 








siao 


1000 


8 




ax4xM 


14 XM 






69.5 












16. H 


119 


8 


54.4 


210.0 










UxH 








210.0 


1095 


8 




0x4xJS 


14x5^ 
















oxaijii 


18 xM 


149 


i 


88.0 


210.0 








6xBi"4 


14 XK 






71.4 


210.0 


116B 






6X4XM 


16 xH 


151 




68.0 


1*1.8 



aiRDERS 



RIVETED PLATE GIRDERS— Continued 


Section 


Size in Inches 




Wdght per Foot, 
Pounds 


MftTimiipn 

End 


Modufau, 








Reaction 












Am 1-1, 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


InchflflS 


Pktes 


Angles 


Plates 


Flange 
Angles 


Plates 


1170.3 




6x6xH 


14x5^ 


168.2 


69.6 


210.0 


1177.4 




6x4x^ 


14 xM 


151.4 


71.4 


141.8 


1230.9 




6x6x^ 


16 x^ 


168.2 


68.0 


210.0 


1251.6 




6x6x^ 


14 X M 


168.2 


71.4 


210.0 


1268.2 




6x4xH 


14 xH 


165.8 


71.4 


141.8 


1324.3 




6x6xM 


16 x% 


168.2 


81.6 


210.0 


1341.0 


48 X 7^6 


6x4x J^ 


16 xM 


166.8 


81.6 


141.8 


1367.0 




6x6x% 


14 xM 


186.2 


71.4 


210.0 


1417.7 




6x6xH 


16 xK 


168.2 


96.2 


210.0 


1429.8 




6x6xM 


16 xH 


186.2 


81.6 


210.0 


1521.0 




6x4x J^ 


16 xK 


180.2 


95.2 


141.8 


1622.7 




6x 6x M 


16 xK 


186.2 


95.2 


210.0 


1624.2 




6x6x K 


16 x% 


203.8 


95.2 


210.0 


616.0 


1 


6x4x H 




146.4 




162.0 


676.4 




6x6x J^ 




160.0 




240.0 


712.4 




6x4xH 




161.6 




162.0 


788.8 




6x6x5^ 




178.4 




240.0 


806.0 




6x4x ^ 




176.0 




162.0 


896.8 




6x4xK 




190.4 




162.0 


897.6 




Gx6x% 




196.4 




240.0 


942.1 




6x4x H 


14 xH 


146.4 


47.6 


162.0 


990.6 




6x4x H 


16 X H 


146.4 


54.4 


162.0 


1002.3 




6x6x H 


14 xH 


160.0 


47.6 


240.0 


1002.7 




6x6x^ 




214.0 




240.0 


1024.0 




6x4x1^ 


14 xM 


146.4 


59.5 


162.0 


1060.8 




6x6xH 


16 xH 


160.0 


54.4 


240.0 


1083.9 




6x6x M 


14 xH 


160.0 


69.5 


240.0 


1119.0 




6x4x^ 


14 x^ 


161.6 


59.5 


162.0 


1144.6 


48 xM 


QxQxH 


16 xH. 


160.0 


68.0 


240.0 


1166.6 




6x6x H 


14 X ^ 


160.0 


71.4 


240.0 


1179.6 




6x4x5^ 


16 x^ 


161.6 


68.0 


162.0 


1193.4 




6x6x^ 


14 xH 


178.4 


59.5 


240.0 


1200.6 




6x4xH 


14 xM 


161.6 


71.4 


162.0 


1264.1 




6x6xH 


16 x^ 


178.4 


68.0 


240.0 


1274.6 


* 


6x6x^ 


14 X M 


178.4 


71.4 


240.0 


1291.2 




6x4x M 


14 x % 


176.0 


71.4 


162.0 


1347.3 




6x6x ^ 


16x5^ 


178.4 


81.6 


240.0 


1364.0 




6x4x% 


16 xM 


176.0 


81.6 


162.0 


1380.0 




6x 6x M 


14: x% 


196.4 


71.4 


240.0 


1440.6 




6x6x H 


16 x^ 


178.4 


95.2 


240.0 


1462.8 




6x6x ^ 


16 xH 


196.4 


81.6 


240.0 


1643.9 




6x4x% 


16 xH 


190.4 


95.2 


162.0 


1646.6 




ex6xH 


16 xH 


196.4 


95.2 


240 


1647.1 




6x6x^ 


16 X K 


214.0 


95.2 


240.0 
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CARNEGIE STEEL 


COMPANY 




RIVETED PLATE GIRDERS— Concluded 


SHtko 

Uodduh 




w*5,M-.«, 


ST 












a 


SS 


s= 


WAP1.ta 


Ste 


IZT 


i 


24x'Sfl 


6jl6xH 




122:3 




97.S 

g7J> 

B7Ji 


i 


Ml!^ 


aiflxji 




ill 




81.0 
81.0 
81.0 
S1.0 


aifl.6 


20 tW. 


sii 




87.2 

124:4 
143.4 




a 


Z23.5 


28 I H 


Biii 




92.8 




i 


340:5 


26 x ',^, 






il! 




IRS 

IIS 

llIU 


i 


27 X%, 


s;ll| 




88.3 




i 


11 


27 X a 






94.0 

14B:2 






242.7 
412:2 


27 It T^> 






lis 




llW 


402:8 


30l J4 


s;s:i 




110:7 




i«.o 


m 


30 Jt ■«, 


yyi 




i! 




*2fl0 


i 


30XH 


yii| 




its 




144.0 

i*«:o 



COLUMN SAFE LOADS 



COLUMNS AND STRUTS 

Compression members in structures are called posts, struts or 
olumns. No exact theoretical formula has been found which will 
^ve the strength of such members imder various conditions of 
oading. The formulas in current use are based on the assumption 
that the members under stress may fail by direct compression, by 
compression and bending combined, or by bending alone. The 
empirical formulas based on these assumptions practically agree 
^th results obtained by experiment on full size members. These 
xperiments show that steel columns of ordinary sizes and lengths 
ail at nearly a constant stress which corresponds to the yield 
oint of that material, and that the load which will cause a column 
^ fail decreases in the ratio of its length to its least lateral 
i mansion. 

Badiiu of Gyration. As the strength of a column depends on its 
bility to resist flexural stress, the moment of inertia of its cross 
action is an important factor in the determination pf its carrying 
opacity. For the purpose of computation, however, it is much 
lore convenient to use the radius of gyration which depends on 
le moment of inertia. 

Batio of siendernera. The ratio of slendemess is the imsupported 
•Hgth of a compression member divided by its radius of gyration, 
Q-d the unsupported length of a column is determined by such 
oints of support as will prevent deflection of the column in the 
^fectipn which corresponds to the particular radius of gyration 
cider consideration. Columns of unsymmetrical section have 
^ore than one radius of gyration. It is, therefore, necessary to 
^termine the ratio of slenderness for the different radii of gyration 
^ such columns and to use the proper ratio in any particular 
^e. 

The unit stresses for different ratios of slenderness given in the 
instruction specifications and on page 294 are consistent with 
i^esent practice in column construction and their use does not 
txvolve the refinements of the more complicated formulas, which 
efinements are often vitiated by uncertainties in the application 
)f loads or other practical features. 

The construction specifications limit the maximum ratio of 

lenderness to 120 for main members under steady stresses. For 

econdary members under temporary stress, such as those used in 

and bracing, higher ratios may be used, but in no case should the 

itio exceed 200. 

_ 



1 :!Z'ir".L.^ '.• '1 
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COLUMN SAFE LOADS 



B 



ibined Bending &nd Compression Stresses. It is aSSUmed in the 
3 that the loads are direct and equally distributed over the 
section of the column or balanced on opposite sides thereof. 
e case of beams carried on brackets or other forms of eccentric 
ig, bending stresses are produced which should be taken into 
deration and the column sections so proportioned that the 
ined fiber stresses do not exceed the allowable axial compres- 
itresses. There is no direct simple solution of this problem; 
allowing trial method is suited to the tables: — 

x..:^^ Let 

W = Direct load, in pounds. 

Wi= Eccentric load, in pounds. 

M = Bending moment due to eccentric load, in inch 

pounds = WiX 
I = Moment of inertia of column in direction of 

bending, 
n = Extreme fiber distance in direction of bending. 
A =Area of column section, in square inches, 
f = Allowable axial unit compression, in pounds 
square inch; then f should be equal to or greater 

"^^ + "^^ t^e fiber stresses due to compression and 

ng respectively. 

lb: — Assume a section in excess of that required for the 

J compression W + Wi and compute the combined fiber stress. 

^orks out too large or too small, try again . 

imple: — Required to select a plate and angle column 20 feet long to 
a a balanced load of 210,000 pounds and an eccentric load of 40,000 
s applied 15 inches from the column center on axis 1-1. 

ume a section made up of 14"x%" web plate, four angles 6"x4"x%«" and 
Bmge plates 14"x%", page 313. 

32.47, Ii-i = 1351, r2-2=3.09, ratio of slendemess= 20x12 -1-3.09 =77. 



iwable fiber stress, 19,000— 100 1/r =11,300 poimds per square inch, 
!94. 

ual fiber stv^s= ^^^^^^^^\f^^ + ^^'^^^f^l^ ^-^^^ =7,700+3,390= 

) pounds per square inch. 
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CARNEQIE STEEL COMPANY 



COMPARISON OF COMPRESSION FORMULAS 
Allowable Unit Stresses in Pounds peb Squars- Inch 



Ratio 


American 
Bridge Co. 


A. R.E.AflB'n 
Chicago 


New York 


Boston 


Philaddphia 


Gonfcm 


I 


See 


16000-70-1- 

r 

14000 max. 


16000-70 1 

r 

16000 max. 


16000 


16260 


12S00 


Construction 
Specifications 


IS 

^ + 20000 ra 


1 I ^' 


1+ ^* 


r 


^ ^ llOOOra 





13000 


14000 


16000 


16000 


16250 


12500 


5 


13000 


14000 


15650 


15980 


16^15 


12400 


10 


13000 


14000 


15300 


15920 


16100 


12460 


15 


13000 


14000 


14950 


15820 


15025 


12420 


20 


13000 


14000 


14600 


15690 


15680 


12366 


25 


13000 


14000 


14250 


15515 


15375 


12285 


30 


13000 


13900 


13900 


15310 


15020 


121iN> 


35 


13000 


13550 


13550 


15075 


14620 


12090 


40 


13000 


13200 


13200 


14815 


14185 


11970 


45 


13000 


12850 


12850 


14530 


13725 


11836 


50 


13000 


12500 


12500 


14220 


13240 


11690 


55 


13000 


12150 


12150 


13900 


12745 


116S0 


60 


13000 


11800 


11800 


13560 


12240 


11866 


65 


12500 


11450 


11450 


13210 


11740 


11186 


70 


12000 


11100 


11100 


12850 


11240 


11000 


76 


11500 


10750 


10750 


12490 


10750 


10810 


80 


11000 


10400 


10400 


12120 


10275 


10615 


85 


10500 


10050 


10050 


11755 


9810 


10410 


90 


10000 


9700 


9700 


11390 


J0360 


10206 


95 


9500 


9350 


9350 


11025 


8030 


9996 


100 


9000 


9000 


9000 


10670 


8510 


9786 


105 


8500 


8650 


8650 


10315 


8115 


9570 


110 


8000 


8300 


8300 


9970 


7740 


0856 


115 


7500 


7950 


7950 


9630 


7380 


0140 


120 


7000 


7600 


7600 


9300 


7035 


8980 


125 


6750 


7250 






6715 


8716 


130 


6500 


6900 






6405 


8610 


135 


6250 


6550 






6115 


8800 


140 


6000 


6200 






5840 


8096 


145 


5750 


5850 








7890 


150 


5500 


5500 








7690 


155 


5250 










7496 


160 


5000 


• 








7805 


165 


4750 










7120 


170 


4500 










0986 


175 


4250 










6766 


180 


4000 










6680 


185 


3750 










6410 


190 


3500 










6240 


195 


3250 










6060 


200 


3000 










5990 



Maximum Ratios of 



Compresaon Formula 


Main 
Members 


Secondary 
Members 


Compression Formula 


Main 
Memben 








American Bridge Company 
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10 INCH CHANNEL COLUMNS 
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10 INCH CHANNEL COLUMNS— Continued 1 
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10 INCH CHANNEL COLUMNS— Continued 
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12 INCH CHANNEL COLUMNS— Continued 
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12 INCH CHANNEL COLUMNS— Continued j ] 
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12 INCH CHANNEL COLUMNS— Continued 
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12 INCH CHANNEL COLUMNS— Contmued 
Safe Loads in Thousands of Poxtnds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengtbs of 60 radii or under, reduced for 
lengths over 60 radii; see Construction Spedflcations. 

Weights do not include rivet heads or other 
details. 
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12INCH CHANNEL COLUMNS— Continued 
Safb Loads in Thousands of Pounds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under, reduced for 
lengths over 60 radii; see Construction Specifications. 

Weights do not include rivet heads or other 
details. 



11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 



Am,ia.« 

Ii.i,iii.* 
n-i, fa. 
l2~9, in.A 
rn-ttiiL 



2-12 in. Quumels, 2-16 in. Plates 




866 
866 
866 
866 
866 

866 
866 
866 
866 
866 

866 
866 
866 



864 
847 

830 
814 
797 
780 
764 

747 
730 
713 
697 
680 




892 
892 
892 
892 
892 

892 
892 
892 
892 
892 

892 
892 
892 



889 
872 

854 
837 
820 
803 
785 

768 
751 
734 
716 
699 




918 
918 
918 
918 
918 

918 
918 
918 
918 
918 

918 
918 
918 



915 
897 

879 
862 
844 
826 
808 

791 
773 
756 
737 
720 




944 
944 
944 
044. 

944 

944 
944 
944 
944 
944 

944 
944 
944 



940 
922 

903 

885 
867 
848 
830 

812 
794 
775 
757 
739 




970 
970 
970 
970 
970 

970 
970 
970 
970 
970 

970 
970 
970 



966 
947 

928 
909 
891 
872 
853 

834 
815 
797 
778 
759 



ll 



996 
996 
996 
996 
996 

996 
996 
996 
996 
996 

996 
996 
996 



992 
972 

953 
934 
914 
895 
876 

857 
837 
818 
799 
779 




1022 
1022 
1022 
1022 
1022 

1022 
1022 
1022 
1022 
1022 

1022 
1022 
1022 



1017 
997 

977 
957 
937 
917 
897 

878 
858 
838 
818 
798 




1048 
1048 
1048 
1048 
1048 

1048 
1048 
1048 
1048 
1048 

1048 
1048 
1048 



1042 
1022 

1002 
981 
961 
941 
920 

900 
880 
859 
839 
819 




1074 
1074 
1074 
1074 
1074 

1074 
1074 
1074 
1074 
1074 

1074 
1074 
1074 



1068 
1047 

1027 

1006 

985 

964 

943 

922 
901 
881 
860 
839 



▼•ight, 



86.58 



2443 
6.06 
1520 

4.78 



226.4 



68.58 



2555 
6.10 
1562 

4.77 



233.2 



70.58 



2668 
6.15 
1605 

4.77 



240.0 



72.58 



2783 
6.19 
1648 
4.76 



246.8 



74.58 



2901 
6.24 
1690 
4.76 



253.6 



76.58 



3020 
6.28 
1733 
4.76 



260.4 



78.58 



3141 
6.32 
1776 
4.75 



267.2 



80.58 



274.0 



82.58 



3264 


3389 


6.36 


6.41 


1818 


1861 


4.75 


4.76 



280.8 



1100 
1100 
1100 
1100 
1100 

1100 
1100 
1100 
1100 
1100 

1100 
1100 
1100 



1093 
1072 

1050 

1029 

1007 

986 

965 

943 
922 
900 
879 
858 



84.58 



3516 
6.45 
1904 
4.74 



287.6 



Safe load values above heavy line are for ratios of 1/r not over 60, those below heavy line are for 
ratios not over 120 1/r. 
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Safe Loads in Thocbamds of Poumss | 
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PLATE AND ANGLE COLUMNS— Concluded 
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COLUMN DETAILS 



TYPICAL COLUMN DETAILS 

Simplicity in details is essential to 
economical construction. To eliminate 
bending or secondary stresses, it is 
desirable in making designs and detmls 
that loads be transmitted from beams, 
Orders and trusses to columns directly 
and with the minimum number of 
connecting pieces, rivets, or bolts, and 
that the rivets or bolts be atreeeed in 
shear or bearing only. 

The column connections shown on 
this page and the two pages which fol- 
low represent the beat modern practice 
and conform to thefie fundamental 
conditions and cover the range of 
caaes met with in ordinary mill and 
office building construction. 

Where columns rest on sted slabs 
or castmgs, the loads are transmitted 
directly into the footing, and shoe 
angles may be provided for proper 
anchorage. Where they rest 
masonry, gusset plates may be re- 
quired to distribute the load. 

Columns should be milled to aci 
rate bearing at joints, with spUce plates 
sufficient to hold the sections in hne 
andto resist bendingstresees. Horizon- 
tal bearing plates must be used between 
column sections of different forms oi 
general dimensions. Rivet spacing ir 
column shafts and at beam connections 
should be uniform to permit the use of 
multiple punches; spacing should be 
in multiples of one-quarter inch. 

Erection requirements should not 
be overlooked; beams should frame 
jj^ with ample clearances, particularly to 
column webs, and rivets should be 
countersunk or flattened where neces- 
lij BUtLDiNQ COLUMN Bary to swing beams into position. 
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CAST IRON COLUMNS 
Allowable Unit Stresses in Pounds per Square Inch 

By Formula op New York Building Law, 1916 
9000--10 l/r lbs. per square inch 
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The safe load for a cast iron column of given dimensions is determined 
from the above table by obtaining the ratio of l/r and multiplying the correspond- 
ing unit stress by the sectional area of column. 

Example: — Required the safe load of a cast iron column, 15 inches square. 
% inch in thickness, and 16 feet long. 

From table of Hollow Square Sections, page 199, tike radius of gsrration 
is 5.78 inches and the sectional area is 49.44 square inches; hence the ratio of 
j/r = 16 X 12 -i- 5.78 = 33.2, corresponding to a stress of 7672 i)ounds i)er square 
inch, giving a total safe load of 49.44 x 7672 = 379300 pounds. 

The minimum size of a cast iron column of a certain length to safdy 
support a given load is determined as follows: 

Divide the length in inches by 70; the quotient is the TninimnTn allowable 
radius of gyration required . Divide the total load by 6200 pounds ; the quotient 
is the minimum sectional area. 

Example: — Required the minimum size of a round cast iron oolmnn, 20 
feet long, to support a load of 235000 poimds. 

The minimum radius of gyration is 20 x 12 -H 70 ^3.43 inches ; the mtnimimi 
area is 235000 -i- 6200 =37.90 square inches . From table of Hollow Round Sec- 
tions, page 198. the hearest minimum size for this radius of gyration and this 
area is found to be a column 11 inches in diameter and 1 yi inches in thickneBB. 

320 






CAST [RON COLUMNS 

ROUND CAST IRON COLUMNS 

Allowable Loadb in Thousands of Pounds 

Bt Formula <a Nev York Building Iaw. 1916 

'Wedghte do not Include details 
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FLOOR CONSTRUCTION 



FLOORS AND FLOOR LOADS 

Kinds of Loads. Two kinds of loads are carried by structures, 
jive loads consist of the weight of carriages, cranes or other handling 
devices and their supported loads, machinery, merchandise, persons 
r other moving objects, the support of which is the purpose of the 
tructure, including also wind stresses. Dead loads consist of the 
.ctual weight of the structure itself with the walls, floors, partitions, 
oofs, and all other permanent construction and fixtures. The 
lead loads stress the structure at all times and it must, therefore, 
>e proportioned to sustain them at all times without reduction. 
The live loads may be taken at their full values or reduced in 
iccordance with the probabilities that the structure as a whole 
)r its principal members will not be subject at all times to the full 
heoretical live loading. 

Dead Loads. The permanent load should be calculated from 
:nown weights per unit of the material composing floors, partitions, 
vails, or other permanent construction. The weight assumed for 
be steel frame itself should be checked after the sections are 
ietermined and then the siaes readjusted if necessary. 

Live Loads. Live loads vary with the character of the struc- 
ures. In buildings they consist of uniform loads per square foot 
f floor area, concentrated loads, such as heavy safes, which may 
•e applied at any point of the floor, and uniform loads per lineal 
oot of beams or girders. The load which produces the maximum 
►ending moment or reaction is to be used in proportioning sections, 
^he floor system between beams must of course be of sufficient 
trength to transmit any concentrated load to the beam. 

In cities the minimum live loads to be used on the various classes 
i buildings are fixed by public ordinances, and are given on page 
S54 for the principal cities of the United States in accordance with 
he most recent building laws, which are intended to cover general 
onditions and do not include machinery or other concentrations. 
f such concentrations, like safes, armatures, generators, or printing 
presses, occur on floors, special provision should be made for them 
1 the floor framing. Flat roofs of buildings which may be loaded 
nth people, should be treated the same as floors and the same 
niform live loads used as given in the table for dwellings, hotels 
r assembly rooms. 
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FLOORS AND ROOFS 

MonMiTM LivB LoADa, Pounds per SquARx Foot 

By Building Lawa ot Various Cities 
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Hospitals, AB^moa: 
AmemUJ Bnona, etc. . . 

Hotels: 

AsHembl}' ittxjma. etc . . 



MRrauitila BuUdlnge: 
Stores, llgbt goods .... 
heavier goods. . 
Wareliouso Doors. .... 

Office Buildings: 

Floors 

Assembly Rooms, etc.. 



« and Drill Halls. . 



Sidewalks 

9ta1ilea, Oarages, etc. 
lalrwaya, Fire E.wap 



Wind Pressure . . 



c Dead imd iiTe]aiiil;Hcawl(iiul2S|HuiidB, rnluni! 1 pound f{)rtvlidpGreQbFtweai?D^iiid 4£° I 
ilLctuI persquanj fwrt uf ■LipcHir'JEil rool arui; nFlipr roof lauJa bnf for the projected BfiL I 

over; 25 pouodii At tcDih stor^', 2^^ puunJa icss uach tiray below. 



FLOOR CONSTRUCTION 



Reduced Lire Loads. Floor beams in buildings should be computed 
sustain floor by floor the full live and dead loads. It is not 
obable that all the floors will be fully loaded at all times, and, 
erefore, good practice permits a reduction of the theoretical live 
Eld in the computations of column sections. The New York and 
ttsburgh building laws do not permit any reduction on columns 
pporting the roof and top floor. These building laws permit for 
lildings more than five stories in height oif columns supporting 
.eh succeeding floor a reduction of 5 per cent of the total live floor 
ad until 50 per cent is reached, which reduced load is to be used 
r the columns supporting the remaining floors. Pittsburgh build- 
g law, however, does not permit any reduction of live floor loads 
''er 150 pounds per square foot (bulk storage). The Chicago 
lilding law requires columns to sustain the full live load on 
ofs, 85 per cent of the full live floor load on the top floor with a 
per cent reduction on each succeeding floor down to 60 per cent. 
When the character of the loading will permit, it is also considered 
>od practice to reduce the live load on the main girders to which 
le primary supporting beams are framed. The amount of the 
iduction will depend on the probable distribution of the loads. 

Fonndation Loads. Footings should be SO designed that the loads 
ley sustain per unit of area shall be as nearly uniform as possible, 
id the dead loads carried by the footings should include the actual 
eight of the superstructure and foundations down to the bottom 
the footing. The live load should be assumed to be the same as 
Le live load in the lowest tier of columns or in the footings under 
alls. According to the proposed New York building law, the 
ea of the footing which has the largest percentage of live load to 
tal load shall be determined by dividing the total load by the 
lit working stress. From the area thus calculated all the other 
otings of the building shall be proportioned according to the 
.tios of their respective dead loads only. In no case shall the 
ad per square foot under any portion of any footing due to the 
>inbined dead, live, and wind loads, exceed the safe sustaining 
^wer of the soil upon which the footing rests. 

Fireproof Floor Systems. A modern office or mercantile building 
essentially a steel framed structure which supports the dead load 
f the building and its contents and is itself protected on all sides 
y refractory materials. The floors are made fireproof by the use 
f terra cotta tiles or arches or of a composite flooring made of 
oncrete or reinforced concrete. While brick arches may still 
e used in special locations where great floor strength is needed, 
nd concrete arches are sometimes thrown between the beams, 
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iiuaoiu {U'aciice is limited substantially to the hollow tile aiek 
.fi4i4«i|^ .>0LwtMU the beams and the reinforced concrete slab laid 

.1 .it-ii op^ the ceiling construction being modified to suit. 

.LCii \v»Lt'iu !iad advantages of its own. 

• v«4A L'uu» .UchM. tiollow tile arches fill the total depth of the 
• ,>ii4 .M\fciii», iua, ihereforei tend to stiffen and brace the building; 
:^4. .^i.t^iii :>t.T square foot is light as compared with other fonm 
iri>>.iioi 'lour coustruction of equal strength. Hollow tan 
, . . .* '.K'i .uviicj* :uv made either flat or segmental. The segmental 
i V .» »..i ioveiop much greater strength than the flat arch of the 
. ^ ^^ tuiiii .iiui depth) and may be designed to carry a ^ven load 
.»., I .1- )i less* depth than flat arches. They are, therefore, | 
., .« A%>iu>mK\il, though not always acceptable from the stand-l 
...... '. Lii iui eel urnl appearance. In office buildings the ceilings I 

.... i ...xii .uvhcs are usually suspended. A correctly designed 

.•.i..MUvU'J llai arch will always develop the full strength of 
.,. .;.»; luMin which supports it. 

\\ h. ;i ,.k\i Miu-ks :ire the same depth as the beam<. : hey are 
. IN i..i r»i inojcci i}i inches below the bottom of thebeims,: 
.ill .]>.u*- .iluui' tho :u'ch is filled in either with cinder concrete, 

., « h ,.111 Ik? laid pipes, conduits, and wooden nailinc rrlps 

._ ,. . ..!i^. »*xi»«xl ilooriiig, or with thin terra cotta blooka niiefor 

•1 Willi ;i hiyer of plastic composition o: >=— ^-. 
ill- wi-iniMg .surface for the floor. 

> im.'i viwh*:-. Vll I'oriiis of terra cotta arches pr:c-!r £-e 

I. III..! luaiii.^. Ill the flat arch the blocks hive ^.ir-sK^ 

.11 »iKi.il l)loi.k or key wedges the others :o«^:iTr:^ 

1.1 i-i h 1 hi; ihrusi is tliat due to all arch ac::.:iL- Tiese 

'i:iA pu».r...^:iry to counterbalance by meoiis :■: 'ifrr-is 

lu 'loiH iK'iliiis and relieve them from thr -.czi^fi-T 

; ....... Ill ilii; ceiiiral bays, owing to the ij:::! -• 

, ^ hi- li- iikU are sometimes omittei. b .: :* - 

. ■!, ... ::.'..ii*- lUiiiT boiiiiis and channels arouzi :z**.z:^ 

.11,..; .;u-.^.-».-.s .-.o that the combined dbrr i:rfs«s 

,...,. .il h»ailiin5 iiiid horizontal thrusts rz±j z-:? be 

\\ ,. ■, i.f i:i 111-., \^ inch lie rods spaced apar: z-:-: :'- 

, ., . ii ;i ii ' Mv- !>oiiiii tianges will usually be 5:1— "^•■ 

. 1 I :i, ■ ii.- iii'i ;irva of tie rods required. '!•* za^- 1 

. ,. . :i ■ u- rovir* :iiiJ tlic scctiou of outer beizis T-* 

, 111 I outui :L.n follows: 
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=load on arch, in pounds per square foot. 

=span of arohy in feet. 

=length of floor beam supporting the arch, in feet. 

=eflFective rise of arch, in inches. 

=thrust of arch per lineal foot, in pounds. 

==total thrust of arch per panel, in pounds. 

=total net area of tie rods per panel, in square inches. 

s=net area of one tie rod, in square inches. 

=spacing of tie rods, center to center, in feet. 

=allowable combined fiber stress not to exceed I6.000 pounds 
per square inch. 

Si_i ==Section Modulus of beam, axis 1-1, in inches^. 

S2-2 =Section Modulus of beam, axis 2-2, in inches^. 

Mi-i=Bending Moment due to vertical loading, inch pounds. 

M2-2=Bending Moment due to arch thrust, inch pounds; then, 
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In the formula given for M2-2, the beam is considered continuous 
and supported at intervals by the tie rods. In segmental arches 
the effective rise is equal to the vertical distance between the 
highest point of the concave surface and the springing line or chord ; 
the effective rise of a flat arch may be taken at 2.4 inches less than 
the arch depth. 

The net areas of usual sizes of tie rods are as follows: — 



Diameter of Rod, Inches 


H 


^ 


K 
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Net area, a, square Inches 


0.202 


0.302 


0.420 


0.550 
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FLAT TERRA COTTA ARCHES 

MANUFACTUBBRS' STANDARD 

Safe Loads in Pounds per Square Foot 
Factor of Safety = 7 









Depth of Arch Blocks, Inches 






Span 
of 


6 


7 


8 


9 


10 


12 


15 


Arch, 
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^a of Arch Blocks, Square Inches 






Ft-In. 












31 


34 


37 


40 


43 


49 


58 


3-0 


458 


588 


735 


901 


1084 


1487 


2210 


3-3 


386 


496 


622 


763 


916 


1262 


1877 


3-6 


330 


424 


531 


653 


785 


1083 


1612. 


3-9 


284 


365 


459 


565 


679 


938 


1398 


4-0 


247 


318 


399 


493 


593 


820 


1223 


4-3 


216 


278 


350 , 433 


521 


722 


1079 


4-6 


190 


245 


309 


382 


461 


640 


951 


4-9 


168 


217 


274 


340 


410 


571 


855 


6-0 


149 


193 


244 


304 


367 


511 


767 


6-3 




172 


218 


272 


330 


460 


691 


6-6 




154 


196 


245 


297 


416 


626 


6-9 




139 


176 


222 


269 


378 


569 


6-0 






159 


201 


244 


344 


518 


6-3 






144 


183 


222 


314 


474 


6-6 






131 


166 


203 


287 


435 


6-9 








152 


186 


264 


400 


7-0 








139 


170 


243 


369 


7-6 










144 


206 


315 


8-0 












177 


272 


8-6 












153 


236 


9-0 












132 


205 


9-6 














180 


10-0 
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This table and the two following are employed in computing the 
safe loads of floor arches of hollow terra cotta blocks. The area 
Siven is that of a cross section at right angles to the webs, and, 
Senerally, end-construction blocks of various shapes but of the same 
lepth and cross-sectional area have equal strength. 

The weight of the terra cotta arch has been deducted from the 
^afe load given in the tables, so that only the dead load of the 
Concrete fill, plastering, etc., must be deducted to obtain the net 
'afe live load for any arch and span ; blocks of different areas and 
for other factors of safety are calculated as follows: 

Example. — Required the load per square foot for a 5'-6" span and 8 inch 
^rch blocks with three horizontal and four vertical webs. H inch thick, set in end 
Construction, cross-section through webs of blocks parallel to- webs of beams. 

Sectional area of the blocks is 8"x Ji"x4+(12"-4xJi")xM"x3=44.25sq. in. 
at 0.06 pounds per cu. in., the weight is 44.25x12x0.06=32 pounds. 

The net safe load of the 8 inch block given in the table is 196 pounds. 
Adding the weight of the block, 37x12x0.06=26 pounds, the total safe load is 
222 pounds. The net safe load for blocks with an area of 44.25 sq. in. and a 
lafety factor of 5 is (44.25 + 37x222x7/5) — 32=340 pounds per sq. ft. 
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SEGMENTAL TERRA COTTA ARCHES | 
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SEGMENTAL TERRA COTTA ARCHES— Concluded 
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TERRA COTTA ARCHES 

Fob 

Floor Load of 130 Pounds per Square Foot 
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REINFORCED CONCRETE BEAMS AND FLOOR SLABS 

For a complete mathematical analysis of the stresses occuring in 
reinforced concrete structures, reference may be made to standard 
text books on the theory and practice of reinforced concrete. 

Girden and Floor Beams. The arrangement of girders and floor 
beams follows the same principles as in structural steel construction. 
On short spans floor cross beams may be omitted or used only at 
CQlumns to secure lateral stiffness. Beams are usually designed as 
tee beams, and thereby a part of the floor slab is utilized as a part 
of the beam. The width of the slab thus considered to act as part 
of the beam should not exceed one-fourth of the span length, and 
the overhanging width on either side of the web should not be over 
six times the thickness of the slab. 

Floor Slabs. Reinforcement may be of small rods, wires or metal 
fabric, the latter especially on short spans. Cross reinforcement of 
small rods or'wires about two feet apart laid parallel to the beam 
supporting the ^ab should be used to prevent cracks, shrinkage, 
etc. If the length of the slab exceeds 1}4 times its width, the 
entire load should be carried by transverse reinforcement. For 
rectangular slabs, the length of which does not exceed IJ^ times the 
width and which are supported on four sides and reinforced in both 
directions, the proportion of the load is determined by the 
formula: R=l/b — 0.5, where R is the ratio of the load, 1 the length 
and 6 the width of the slab. An effective bond should be provided 
at the junction of beam and slab, and if the principal reinforce- 
ment of the slab is parallel to the beam, transverse reinforcement 
should be used extending over the beam and well into the slab. 

Spaeinir of B^nforcinff Bars. The lateral spacing of parallel bars 
should not be less than 3 diameters, nor should the clear vertical 
space between layers of bars be less than 1 inch; distance from 
edge or side of beam or slab should not be less than 2 diameters. 

Shear or Web Reinforcemeiit. In the calculation of web reinforcement, 
concrete may be assumed to carry J^ of the total shear; the 
jemaining % to be taken by additional reinforcement arranged in 
intervals equal to the depth of the beam. The usual method of 
reinforcing beams against failure by diagonal tension or shear is 
to use bent rods or stirrups in either vertical or inclined position. 
The longitudinal spacing of such rods or stirrups should not exceed 
5i of depth of beam if inclined, and J^ of depth if vertical. 

Formnlas. The following formulas are those given by the 
Committee of the American Society of Civil Engineers on Concrete 
and Reinforced Concrete (Transactions, Vol LXXXI— No. 1398, December, 1917.) 
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Rbinfobced Concbbtb Beams — Notation 

Reetanffalar Beams, Beinf oreement for Tension only. 

fs =Teiisile unit stress in steel, in pounds per sq. inch. 

fc =Compressive unit stress in concrete, in pounds per sq. in 

Es =Modulus of elasticity of steel, in pounds per sq. inch. 

Ec =Modulus of elasticity of concrete, in pounds per sq. in 

n =EIasitcity ratio, Es-*-Ec. 

M =Bending moment or Moment of Resistance, in inch pound 

Ms=Moment of resistance of steel, in inch pounds. 

Mc=Moment of resistance of concrete, in inch pounds. 

As =Area of steel in tension, in square inches. 

b =Width of beam, in inches. 

d =Depth of beam to center of steel in tension, in inches. 

k =Ratio of depth of neutral axis to effective depth, d. 

j =Ratio of lever arm of resisting couple to depth, d. 

z =Distance, from top to resultant of compression, in inch 

jd =Arm of resisting couple, in inches=d — z. 

p =Ratio of areas, steel in tension to rectangle, bd,=A-*-b 

kd =Distance from top of beam to neutral axis, in inches. 

Tee Beams, Reinforced for Tension only. 

b =Width of flange, in inches. 

b^ =Width of stem, in inches. 

t =Thickness of flange, in inches. 

Rectangular Beams, Reinforced for Tension and Ck»mpression. 

A^ ^Area of steel in compression, in square inches, 
p^ =Ratio of areas, steel in compression to rectangle, bd,=A'-i- 
fg = Compressive unit stress in steel, in pounds per sq. in 
C ==Total compressive stress in concrete, in pounds per sq.in 
C^ =Total compressive stress in steel, in pounds per sq. in 
d^ =Depth to center of steel in compression, in inches, 
z =Depth to resultant of C+C'', in inches. 

Sliear and Bond. 

V =Total shear, in pounds. 

V =Total Shear producing stress in reinforcement, in pounds,==^ 

V =Shearing unit stress, in pounds per sq. inch. 

u =Bond stress per unit surface of bar, in poimds per sq. incl 
So =Sum of perimeters of tension bars, in inches. 
T =Total stress in single reinforcing member, in pounds. 
s =Horizontal spacing of reinforcing members, in inches. 
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REINFORCED CONCRETE BEAMS— FORMULAS 

Rectangular Beams. Reinforced for Tension only. 



-fc-»i 




kd =d(|,/2pn+(pn)a -pn) 



z =ikd 

M =fsAsJd = 

M = ifckjbd^ 

M 



's = 



AsJd 



^-b--^ 



Balanced Reinforcement: 
Steel ratio, p = 



f 2M 



2 ^s 



[h'] 



1X19 



Jd=da-ik) 
fsPJbda 

M 
pjbda 

2pf8 
k 

M — M 
1^ WKJ 



Tee Beams, Reinf oied for Tension only. 



r»- 




1 kd = 



2ndAs + bta 



2nAs + 2bt 



Neutral axis in flange— 
^1 (use formulas for rectangular beams.) 



^tJ 



Neutral axis in stem — 

t(3kd— 2t) jd=(d-z) 
* — 3(2kd— t) ^ ^ ' 



E 



M = 



'c = 



Mkd fflk 

bt(kd-it)3a — n(i-k) 



Bectanffular Beams, Reinforced for Tension and Ck»mpression. 

kd = d ['^2n(p+p'|-')+n2(p+pO*-n(P+P')] 

_Jk8d+2p'nd^^-a-) 




k2+2p'n(k— J-) 



jd=(d-z) 



^s pjbda 

nfc(k-^) 



nfcd-Jt) 
E 



6M 



Shear and Bond. 

Rectangular Beams 

T Beams 



V = 



V = 



M.[3k-k.+5|S(k_«:)o-f)J 
r T= 

V 



V 



T=:^ »=jdlS 



b'jd *~"Td " JdSo 
If reinforcing bars are bent ap at angles between 90 <> and 46<',and web members inclined at 46°^ 



T — ' s 
jd 



u = 



T== 



SV'a 
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The formulas are based upon the following assumptions: 

1. The applied forces are perpendicular to the neutral plane. 

2. The deformation of any fiber is proportional to its distanee 
from the neutral axis. ^ 

3. The resisting moment of the beam is the sum of the moments 
above the neutral axis, due to the concrete area in conipression, 
and of those below the neutral axis, due to the steel area in tension. 

4. The tensile strength of the concrete is negligible. 

Bendimr Moments. If slabs and girders are reinforced over supports 
to take care of negative bending moments, they act as continuous | 
beams, and the bending moment at the center of the span will be 
reduced. It is considered good practice to use the following values: 

Floor slabs, M at center and at supports=xV wl^. 

Beams, M at center and at supports=:^j wP for interior 

spans, and ^ wP for end spans. 

If beams are freely supported at ends, M=J wP. 

Colnmns. Columns may be reinforced by means of longitudinal 
bars, by bands or hoops, or by both. The general effect of the 
banding or hooping is to permit the use of somewhat higher working 
stresses; the values of As and p given in the formula which follows, 
refer to longitudinal steel reinforcement only : 

P =total load on columns, in pounds. 

A =total area of column section, in square inches. 

Ac=area of concrete, in square inches. 

As =area of steel, in square inches. 

p =ratio of steel area to total section, Aa-*-A. 

fc =unit compressive stress in concrete, in pounds per sq. inch: 

p =fc(Ac+nAs)==fcA[l+(n-l)p]. fc=-jp-j-|-j^^ 

Working Stresses. The following working stresses are in current use 
for reinforcing bars of medium structural steel and good Portland 
cement and gravel concrete of a 1:2:4 mixture: 

fc==unit compressive stress of concrete 650 lb. sq. in. 

fv=unit shearing stress of concrete, 

straight horizontal reinforcement .. . 40" " " 

special shear reinforcement 90 to 120 ** " " 

fu=unit bond stress of concrete, smooth 

rods and deformed bars 80 to lOO " " " 

fs ==unit tensile stress of steel 16,000 " " " 

rod reinforcement 16,000 " " " 

wire reinforcement 20,000 " ** " 

fk==unit compressive stress of steel 16,000 " " ** 

n =Es-5-Ec=15. 
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Substituting in the formulas given for rectangular beams, reinforced 
for tension only, the values for fc=650, fs=16,000 and ;.20,000, and 
11=15, the following constants are obtained for equal moments of 
xesistance Mc=M8. 



Notation 


{c=650 


Notation 


fc=650 


fs=16,000 


fs=20,000 


f8=16,000 


f8=20,000 


P 
k 

J 


0.00769 
0.37864 
0.87379 


0.00533 
0.32773 
0.89076 


PJ 

kj 

fspj— Kckj 


0.00672 
0.33085 
107.526 


0.00474 

0.29193 

94^77 



For approximate calciilations, the arm of the resisting couple, jd, may be 
taken at 0.9d, and ordinarily accepted working stresses of 16,000 for steel 
and 650 for concrete will not be exceeded if the steel ratio, p, does not 
exceed 0.008. 

Explanatfon of Tables. Reinforced Concrete Slabs: The tables 
given on page 338 are based upon the preceding formulas for rect- 
angular beams reinforced for tension only, and upon fiber stresses of 
650 pounds per square inch for concrete, 16,000 pounds for steel bar or 
rod reinforcement, 20,000 pounds for steel wire reinforcement, and, 
for an elasticity ratio of n=15. 

The bending moments are given in foot pounds per foot of width; 
below and to the left of the zigzag lines the values are determined 
by the maximum allowable fiber stress on steel; above and to the 
right they are determined by the maximum allowable stresses in 
concrete. 

The first colunm gives the total thickness of the slab, the sec- 
ond, the distance from the center of the steel to the bottom of the 
slab, and the third the approximate weight of concrete slabs one 
foot square. 

Example. — Required the reinforcement for a slab continuous at four sides 
and 5 inches thick to carry a superimposed load of 150 pounds per square foot 
over a clear span of 8 feet. 

Assuming the weight of the concrete slab in pounds at twelve times the 
thickness of the slab in inches, then the weight of the slab per foot is 12x5=60 
pounds, and the total weight, W, for a span of 8 feet is (60+150)x8=1680 
pounds. 

M=WL -I- 12=1680x8 -4- 12=1120 foot-pounds. 

If medium structural steel bars or rods are used, the required area, by 
the upper table, page 338, is 0.24 square inches, and the sizes may be taken 
from'page 122. 

If triangle mesh is used, the steel area required by lower table, page 338, 
computed for a 5 inch slab, is, by interpolation, 0.185 square Inches, requiring 
by table, page 339, triangle mesh style number 208. 
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TRIANGLE MESH CONCRETE REINFORCEMENT 




^'.■.'?irf'''":ff i'j^\^'^^!^ 



TYIuiBle Jietb Baluf aroanent 



UlttmaM Strength 




JT square Inch 
EliLstlc limit (mlnl- 
mmn), 66.000 U)e. per 

Triangle Mesh la a woven fabric of cold drawn stool wTre. providing & 
continuous relnforcemeDt. on even distribution of metal, and a perfect bond. 

Made with both single and stranded tendon members In lengths up to 
300 feet and in widths up to 56 inches. 

TRIANGLE MESH— STYLBS, AREAS, AND TVBIGHTS 
LongltudlDal BBd Cross Wires (Na.l4 A. S.& W. Co.Gage), Spaced ilncbee. 



"sr 




TTiH.«I.M<d, 




A.^'S^ 




Appm-Weidit 


















032 


1 


No. 12 .026 


032 


22 


0*0 






140 


26 


049 


1 


■■ 10 .043 


140 




058 










068 






-062 






080 






.074 


180 


40 














107 






.101 


107 




126 






,120 


126 


67 


146 


1 










163 




H" 


.147 


153 


68 


168 


I 




.162 


168 


74 


180 










78 


208 






.203 


20S 




246 


2 




.239 


246 


103 














387 




■■ 5M 


.281 






309 


3 






JOft 












136 














39S 


3 


■■ TO| .,.. , 


395 


160 
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Trisode Meah ii fumiilKd cittin with m without islyuiiiiiig: unloi otlutirin v« 
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BUCKLE PLATES 





FT^ 





Buckle Plates, as generally used on highway bridges with pavec 
floors, are subjected to a concentrated live load due to the weight of i 
wagon or truck wheel and to a uniform dead load due to the weight o\ 
the roadway paving. 

Buckle Plates should be placed with the buckle turned down; then 
the Hve load which can be placed on a buckle in addition to the 
uniform dead load can be obtained from the following formula. Let: 

P =Total allowable concentrated load on buckle plate, in pounds. 

w =Uniform load, in pounds per square foot. 

d =Rise of buckle, in inches. 

1 =Length of buckle, in inches. 

b =Width of buckle, in inches. 

t ^Thickness of buckle plate, in inches, 

p^^ /300 fdt - 0.525 wlbX p„^^_ p^, buckle. 
\ 6 d + 15 1 / 

The following table gives, for a fiber stress of 9000 pounds, the 
maximiun concentrated live load in pounds allowed on buckles (turned 
down), in addition to a uniform load assiuned to be the average 
weight of paving, etc., of 120 poimds per square foot. 



Thickness of 
Buckle Plate, 

Inches 


Rise, d, in Inches 


2 


2H 


3 


3H 


% 
"He 


20000 
30000 
41000 
53000 


22000 
33000 
45000 
58000 


22000 
34000 
47000 
61000 


22500 
34000 
47500 
63000 



The total allowable uniformly distributed load which a buckle 
plate will safely support may be obtained from the formula: 
W = 12 fdt pounds, per buckle. 
When the buckles are turned up, use one-third of above values. 



340 



FLOOR PLATES 



BUCKLE PLATES 



/I- 



:i 



WMthi df Flineag und FilLeU 



KiUFUocta 






a 



■ III 

i'il 
IIP 

III 
fil 



1 alls 
III 



ThichnM 




Pl.l«DI 


gr«l« laigUi UuD eiren in l.tile ouy ba mdo by mli;ina "ilh tan. BnglH, or i™. 


AllplBK 




.dT^hr>l0 


Louid bo pLmcbed in Ihe CBDter af dwtIi hm:UB Bsd abaqld be ghnwn on AtKb. 




' dilTcrcnt aiiia sbould not be aird aa it incriHing the ost of Ihe piste. 




nbolBaroKBEMiJlyfor ii", Ji" or M" rifrtg or bolu. Holes ol die«ei.t Bi^s 


Id «inH pill 


williiici«BdtheMito[t!iepl.t.. 




rhalcakamhwiwot pbteahauldbsmmultiploiDf 3"Bnd ahniild not exceed 13". 










SkaUboi 


or Buckis Pistol ihoukl indicolo sllowsble ovemio in length Bud widtL 



CARNBQIB STEEL COMPANY 



TROUGH PLATES 




|< — -a- — ^ a >^ «, ■>{* a- 

Elements op Trough Plates 



Single Section 



Section 
Index 



M 14 
M13 
M12 
Mil 
M 10 



Size, 
Inches 



934X3M 
9Hx3M 
9>^x3M 
9Hx3H 
9Hx3M 



Weight 

per Foot, 

Pounds 



23.2 

21.4 
19.7 
18.0 
16.3 



Riveted Section 



a, 
Inches 



8 
8 
8 
8 
8 



d, 
Inches 



6H 
6H 

6H 
6 



Weight per 

Square Foot, 

Pounds 



34.8 
32.1 
29.6 
27.0 
24.5 



Section 

Modulus, 

OneFoot Width, 

Inches^ 



15.58 
14.28 
13.00 
11.79 
10.69 



Allowable Uniform Load in Pounds per Square Foot 



Span 

1 n 


Fiber Stress, 16000 Lbs. per Sq. In. 


Fiber Stress, 


12000 Lbs. per Sq 


.In. 


Feet 


M14 


M13 


M12 


Mil 


MIO 


M14 


M13 


M12 


Mil 


MID 


5 


6647 


6093 


5547 


5030 


4561 


4986 


4570 


4160 


3773 


3421 


6 


4616 


4231 


3852 


3493 


3167 


3462 


3173 


2889 


2620 


2376 


7 


3392 


3109 


2830 


2567 


2327 


2543 


2331 


2124 


1925 


1745 


8 


2597 


2380 


2167 


1965 


1782 


1948 


1785 


1625 


1474 


1336 


9 


2052 


1880 


1712 


1553 


1408 


1539 


1410 


1284 


1164 


1058 


10 


1662 


1523 


1387 


1258 


1140 


1246 


1142 


1040 


943 


855 


11 


1373 


1259 


1146 


1039 


942 


1030 


944 


860 


780 


707 


12 


1154 


1058 


963 


873 


792 


866 


793 


722 


655 


594 


13 


983 


901 


821 


744 


675 


738 


676 


615 


558 


506 


14 


848 


777 


707 


642 


582 


636 


583 


531 


481 


436 


15 


739 


677 


616 


559 


507 


554 


509 


462 


419 


381 


16 


649 


595 


542 


491 


445 


487 


446 


406 


368 


334 


17 


575 


527 


480 


435 


395 


431 


395 


360 


328 


296 


18 


513 


470 


428 


388 


352 


385 


353 


321 


291 


264 


19 


460 


422 


384 


349 


316 


345 


316 


288 


261 


237 


20 


415 


381 


347 


314 


285 


312 


286 


260 


236 


214 



The values given In above tables are the safe loads per square foot of floor 
surface and are oased upon the average resistance of the riveted portion within 
distance, a. 

The weight of the plates are included in the safe loads and must be deducted 
to obtain the net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained 
from the values given by direct proportion of the fiber stresses. 

The weight per square foot does not include the weight of rivet heads or 
other details. 
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CXDRRUGATED PLATES 



Elements of Corrcqated Plates 



^D(l«Seot»» 


RiveMd Stctiou 


Secbon 
Inda 


Six. 
I«h« 


'ST 


luha 


d. 
IiioliH 


SjSte,, 


Bii, 

One Foot 
Width, 


Mas 

M34 
M33 
M32 
M31 

M30 


12A ^ m 

SJixlA 


23.7 

17.8 
12.0 
10,1 


12A 
I2,V 

12,1 

m 

BH 


211 

m 

IM 


23.3 

17.5 
16.5 
13.8 
11.5 


3,84 
3.28 

1.55 
1.10 



Al 


iOWi 


.BLB 


Uniform 


Load 


IN Pounds pe 


% Square Foot 


«P" 


ntH Stn«, 16000 Iba. 


.^. 


n. 


^ 


:Kr St™, 1201 


MIts, 


^^.l^ 


F«et 


MiS 


M34 


M3S 


M33 


M31 


M30 


M35 


U34 


M33 


Maa 


MZ, 


M30 


6 


1873 


1638 


1400 


832 


oei 


489 


14*3 


122a 


1050 


024 


496 


352 


e 


1301 


1138 


072 


578 


4 59 


326 


070 


853 


729 


433 


344 


244 




H!^. 


x;n 


7H 




Kil 


210 


717 


H27 




31* 


K.'V;! 


1>«) 


8 


TnS 


fi4f 




3?fi 


7.V> 




.14(1 


48(1 








138 


























lOB 


10 


40H 


41U 


350 


li08 


165 


ii; 


351 


■SUV 


'Jliii 


16U 


124 


88 


11 


387 


339 


2B9 


172 


1?7 


<t7 


Kon 


255 


217 


129 


103 


73 


























«1 


13 


U77 




■/07 


IW 


W* 






W2 


1.15 




73 


.12 




■S-lfl 








W 


M 


1711 


Ifi7 


1.14 






4.1 


15 


20« 


18:2 


lau 


U2 


74 


52 


156 


137 






51 


39 



The values given In above tables are the sate loads per squBre foot of 
floor surface and are based upon tbe average resistance ot the riveted portion 
within distance, a 

The weight o[ the plat«a are included in the aafe loads and must be 
deducted to obtain the net superimposed sate load. 

Sate loads for other fiber atress™ than those given in table maj be 
obtained from the values given by direct proportion of the Bber stresses. 

Tlia weight per square foot does not include the weight of splice bars, 
rivet lieads or other details. 
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ROOF CONSTRUCTION 



ROOFS AND ROOF LOADS 

The design of roofs and the selection of suitable roofing materials 
depend on the character of the building, whether monumental, 
public, residence, mill or shop; permanent or temporary; geo- 
graphical location as regards allowance for snow and wind loads, 
and also availability of materials and famiUarity of workmen 
with the construction; atmospheric conditions as concerns presence 
of industrial or other plants producing deleterious gases; water- 
tightness or resistance of the roof layers to penetration of water, 
snow or ice under storm and long continued exposure; wind 
resistance or the strength of materials to resist displacement of 
the entire surface or disruption between points of support; type 
and pitch of roof, whether self-supporting on wide spans or 
requiring the use of sheathing, and whether materials can be laid 
safely on steep surfaces. 

A good roof on a permanent structure should be fireproof from 
within as well as without, made of refractory materials supported 
by equally refractory framing. It should last without repair as 
long as the building stands without repair. Its maintenance cost 
should be low and its materials purchased on the probable life and 
service of the structure. 

Snow Loads. The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slope 
of the roof. Where snow is likely to occur, the minimum load per 
horizontal square foot of roof should be taken at 25 pounds for all 
slopes up to 20 degrees ; this load to be reduced one pound for each 
degree of increase in slope up to 45 degrees, above which no snow 
load need be considered. In severe climates these loads should be 
increased in accordance with actual conditions. Regard should 
also be taken to the possibility of partial snow load with local 
concentration. 

Wind Loads. These vary also with the geographical location and 

the slope of the roof, and, when not fixed by building laws, are 

usually taken as acting horizontally at 40 pounds per square foot 

on vertical surfaces of the most exposed structures, and 30 pounds 

on less exposed structures. On inclined surfaces only the normal 

components of the wind pressure need be considered. The following 

normal pressures are based on the formula given by Duchemin: 

o 

P=Pi ^ f^V^^ y where Pi is the direct horizontal pressure 
1 + sm2 a 

assumed at 30 pounds per square foot on the vertical surface and 

P the normal pressure on a unit of surface, sloping at angle a with 

the horizontal. 
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NoRikiAL Wind Pressube, in Pounds per Squarb Foot 



Slope 


FresBure 

per 

Square Foot, 

Poundfl 


Slope 


PteoBtnre 

per 

Square Foot, 

Pounds 


Slope 


PteoBure 

pef 

Square Foot, 

Pounda 


Slope 


PreBBuie 

per 

Square Foot, 

Pounds 


5 
10 
15 


5.19 
10.11 
14.55 


20 
25 
30 


18.37 
21.51 
24.00 


35 
40 
45 


25.90 
27.29 
28.28 


50 
55 
60 


28.97 
29.41 
29.69 



For other pressures than 30 pounds per square foot, the values 
given above change in proportion. For slopes over 60** the values 
assumed for horizontal pressure are applied. 

Combined Boof Loads. In climates corresponding to that of 
Pittsburgh, and where the roof loads are not fixed by building 
laws, ordinary roofs up to 80 feet span should carry the following 
minimum loads per square foot of exposed surface, applied verti- 
cally, to provide for dead, wind and snow loads combined. 



Roof Covering 



Gravel or Ton boards, flat slope, 1 to 6 or less 

Composition| on boards, steep slope, more than 1 to 6 

Roofing [on 3 inch flat tile or cinder concrete 

Corrugated sheeting on boards or purlins 

<,, fon boards or purlins 

* ton 3 inch flat tUe or cinder concrete 

Tile on steel purlins 

Glass 



Roof Load 

per 

Square Foot, 

FoondB 



50 
45 
60 
40 
50 
65 
55 
45 



For roofs in climates where no snow is likely to occur, reduce 
these loads by 10 pounds per square foot, but no roof or any part 
thereof should be designed for a total live and dead load less than 
40 pounds per square foot. 

Roof Coyerinff. As stated above, suitable protection of a building 
against rain, snow, etc., depends on the character and location 
of the building, and the slope or pitch of the roof. Tin, tar, gravel, 
asphalt roofings and similar compositions are used for flat roofs; 
slate, tiles, and tin are used for slant roofs of public buildings and 
residences, shingles for smaller dweUing houses, and corrugated 
sheeting for shops and warehouses. Slate, tile, tin, and shingles 
are usually attached to a layer of planking, called sheathing, 
which in turn is supported by rafters, often called jack rafters, 
resting upon the roof purlins, or placed directly upon the purlins 
of the roof. 
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Approxiiutb Wkoht op Roofing Material 



Roofioc MatsiBl 



Copper, No. 23 B. W. G 

CoiTugaM^d galvaniied Iroa, No. 20 B. W. G... 
Corrugabed BBlvanlzsd Iron, No. 2S B. W. G.. . 

Felt, 2 layers 

Pelt Bind ofphalt or cool-tar 



thick.. ,. 

LAth aJid plaster celling. 

Lead. }S Inch tJilck 

Macklte. 1 inch thick, witJi ploste 
SheaChinK, hemlock, 1 Inch thick. 
Sheathing, wblta pine, spru<'» 1 i< 
ShraithiDg. yellow pin^ 1 Ii 



3hliuaee, 6: 



8 Inchea, 6 Incbea tc 



SkillBb(,Bla^AtoM 
Blag root, 4-ply, with c 
Slat«. H inct tluck, 3 : 



inch, including frome . 



inches to weather. , , 



Boof TnuH*. Trusses are uacd where wide roof openings are to be 
spanned; they form a structure of compression and tension members 
and produce vertical reactions under vertical loads; the total load 
of the root, that is, the weight of the truss, purlins, roof covering, 
ceiling, and often also the snow and wind load, is usually considered 
a uniformly distributed load, equally divided between the two 
supports and producing equal and vertical end reactions. 

The purlins usually rest on the upper chord of the truss, trans- 
mitting to the latter the load of the roof covering, the wind and 
snow load, that of the jack rafters and their own, and are often so 
arranged as to carry the dead load directly to the truss joints or 
panel points to avoid transverse stresses. The distance between 
two consecutive jointB of the top chord is the panel length, the dis- 
tance between two adjacent trusses the bay length. 

The transverse strength of the sheathing or of the corrugated 
iron used for the roof covering generally determines the spaces 
between the jack rafters or the purlins. These purlins or rafters 
are small steel shapes, such as beams, channels and angles, or 
wooden beams, if the roof is not of fireproof constructioD. 

Weight oi TmsHB. As a basis for the preliminary design of a steel 
truss for a ^ven span, I., and a roof load of about 40 pounds per 
square foot, the approximal* weight is: 

Ml (v'L + ^ L) pounds per horizontal square foot. 

For greater loads multiply formula by ratio: load per eq. ft, + 40. 
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TRUSSES— FoBMin.4 fob STBBasBS and Lbhotbs 
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TRUSSES— CoEfPiciENTS of 3- 







n = Bp.a + Hiii»lil = 2cota | n = Bpu * Hdgbt = 3 ret o 
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TRWSSES-^FoRMULAs for Stbbssbs and Lbngthb 
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ROOF CONSTRUCTION 



TRUSSES— Coi!PPicii!NT8 OF Stbbbbzs 
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CORRUGATED SHEETS 

Corrugated sheets are used for roofs and sides of buildings. They 
are usually laid directly upon the roof purlins ai^d held in place by 
means of clips of steel hoops which encircle the purlin and are 
placed about 12 inches apart. Special care must be taken that the 
projecting edges of the sheets at the eaves and gable ends of the 
roof are well secured, otherwise the wind will loosen the sheetp. 

Corrugated sheets are made in the sizes given on opposite page, 
the size most generally used has nominally 23^inch cori-ugations, 
actual width 2% inches, about ]/2 inch in depth. The gages frequently 
used for roofing are Nos. 20 and 22, U. S. Standard Gage. 

By one corrugation is meant the double curve between corres- 
ponding points, and by depth of corrugation the greatest deviation 
of the curved surfaces from the straight line. 

One and one-half corrugations are allowed for lap in the width 
of the sheet and 6 inches in the length for the usual quarter pitch 
roof; one corrugation in width and 4 inches in the length of the 
sheet is usually allowed for sidings. 

Corrugated sheets of 2, 23^ and 3 corrugations are furnished in 
standard lengths of 5, 6, 7, 8, 9 and 10 feet and with a stanSiard 
covering width of 24 inches, when laid with a lap of either one 
or one and one-half corrugations. 

By experiment it has been determined that corrugated sheet 
steel, Y% inch deep and 0.035 inch thick, spanning 6 feet, began to 
give a permanent deflection with a load of 30 pounds per sq. foot, 
and that it collapsed with a load of 60 pounds per sq. foot. 
The distance between centers of purlins should, therefore, not 
exceed 6 feet and should preferably be less than this. 

Approximately the uniformly distributed safe load of corrugated 
sheets may be obtained from the formulas given below, using the 
following notations: — 

W=Total allowable uniform load, in pounds. 

b==Curvilinear width of sheet, in inches (b=1.076 x covering 

width). 

• l=Unsupported length of sheet, in inches. 

t=Thickness of sheet, in inches. 

d=Depth of corrugations, in inches. 

f=Allowable fiber stress, in pounds per sq. inch. 

Thpn • W— S^S _ 8f __ 4bdt _ 32fbdt 
men. w j p x -^ j^ 



for f= 12000, W = ^^-^^Q ^^^ 
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STEEL SHEET PILING 

The introduction of steel sheet piling in substitution for wood 
has made possible the extension and indeed the practical rej uvena- 
tion of the cofferdam method of making excavations. Its use has 
led to great ultimate economies, greater safety in working and to 
the extension in size and depth of open excavations to limits which 
otherwise were regarded as impossible of attainment. The cellular 
cofferdam, first used in the Black Rock Lock, Buffalo, is a very 
successful method for the elimination of the expensive, slow, and 
not always reliable, pneumatic caisson on work of large magnitude. 

Steel sheet piling by its positive interlock enables the sub-surface 
diaphragms of diaphragm dams to be made with a certainty not 
possible with wooden sheet piling, and with an economy not possible 
with concrete by reason of the elimination of the excavation 
necessary in the case of the ordinary puddle core, concrete core or 
masonry core wall. A diaphragm made of such imperishable 
materials fulfills all the requirements of the ordinary core wall with 
the additional advantage of accommodating itself, by its flexibility, 
to slight irregularities of settlement in the dam. It is also used in 
the construction of curtain walls, sea walls and loading slips, founda- 
tions for cylinder piers, sewers sCad trenches, etc. 

In addition to temporary cofferdams, steel sheet piling has found 
large use in the construction of permanent retaining walls for 
buildings. Driven before excavation in soils containing quick- 
sand or water-bearing strata, its use prevents the undermining of 
adjacent building foundations by movement of the strata. It also 
prevents in many cases the delay, expense and danger of under- 
pinning adjacent buildings. It may be employed in this way alone 
or reinforced by steel buckstays as shown in the illustration, which 
represents the method followed by D. H. Burnham & Company in 
constructing retaining walls for the Marshall Field and Stevens 
Building, Chicago, where sheeting with its attached buckstays was 
driven its full depth and the basement and sub-basement floors 
placed as the excavation went forward. The rigidity of the buck- 
stays with the bracing supported by the floors eliminated the 
necessity and expense of shoring. After excavation concrete was 
filled in between the buckstays and the total expense did not 
exceed 60 per cent, of its cost by the ordinary method. 

Types. The Carnegie Steel Company manufactures United 
States Steel Sheet Piling, Friestedt Interlocking Channel Bar 
Piling, and Symmetrical Interlock Channel Bar Piling. 
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STEEL SHEET PILINQ 
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United Ktatea Steel Sheet Piling ia a Rimple, plain, roUfid aootiou 
roftdy for use as it cornea from the mill without further fabricatioa. 
Each piece is eomplete in itself and all pieces of the same width are 
interchangeable. Its profile incorporates the advantages of the 
ball and socket joint, with sufficient clearance in the interlock for 
ease in driving and sufficient space for the use of a packing substance 
between its adjacent edges to insure watertightness. United States 
Steel Sheet Piling is more easily driven and pulled than any other 
section hitherto placed on the marlcet, Tlie reason for this ia 
believed to be the absence of a leading groove combined with the 
line contact obtained in the joints. 

Friestedt Interlocking Channel Bar Piling is a fabricated section 
made of channels and zee bars; uuHymmetrical ae regards adjacent 
pieces, one cliannel having two zee bars fuU length and the next 
adjacent channel being plain, that ia, without zee bara. 

Symmetrical Interlock Channel Bar PiUng ia a fabricated aeotion 
made of channels and zee bars in which each piece has a short eee 
bar on one edge and a long zee bar on the other. The long zee bar 
forms the interlock with the next adjacent section, while the short 
lee reinforces the top of the pile and serves to distribute the blow 
from the pile driving hammer over the width of the section. 

All the sections have positive inlerlocka continuous throughout 

ration of the pieces due to prt'ssuroa, deformation in driving, etc. 



CARNBQIB STEEL COMPANY 



Strencth of Scctloii. When driven and under pressure, steel sheet 
piling must have strength similar to that possessed by any other 
beam loaded equally or unequally with earth or water pressure, 
and the resistance of the piling to transverse bending can be calcu- 
lated by the known laws of flexure from the properties of the section 
as given in the tables on page 357. In the case of Symmetrical 
Interlock Channel Bar Piling, the center line of the assemblement 
is not the center line of the individual members. Calculations are 
referred, therefore, to a theoretical neutral axis and give the pro- 
perties of the sections on the assumption that when interlocked 
they will act as a unit. In the case of United States Steel Sheet 
Piling, the properties of the individual pieces are the same as the 
properties of the sections interlocked in place. 

During driving the sections are forced to act as loaded columns, 

and the tables, therefore, show the radius of gyration of the sections 

for computing their compressive resistance under load or the blow 

of the pile driving hammer. The radius of gyration of the section, 

however, need not bear any definite proportion to its length and 

blocks of wood may be bolted to the leads of the pile driver if the 

piling shows a tendency to spring. As the piling actually enters 

the earth, it is supported laterally and stiffened by the adjacent 

soil, and the blows of the hammer need but overcome the friction. 

In an ordinary cofferdam braced in the usual manner, strength in 

the interlock to resist the tearing apart of the sections by direct 

tension in a longitudinal direction is not often required, but if it is. 

United States Steel Sheet Piling is recommended for use, as its 

longitudinal strength is greater than that of the fabricated sections. 

This interlock strength in a longitudinal direction depends on the 

type of section, the opening of the jaw, the character of the soil, 

etc., and can only be determined by tests. The average lon^tudinal 

strength per lineal inch of medium steel sections is as follows: 

9" United States Steel Sheet Piling 6.600 pounds i 

12 H" United States Steel Sheet Piling 9,600 " 

15" 39 lb. Symmetrical Interlock Channel Bar Piling 1.600 " 

Steel sheet piling is usually made of medium steel manufactured i 
to standard specifications. Where the construction is permanent i 
and possible corrosion is a serious factor, it may be made of steel ' 
containing about 0.25% copper, experiments on which, as well , 
as analyses of old structures, indicate that such an addition goes I 
very far towards making the steel practically indestructible. 

Full information on this specialty and its various uses is given 
in a separate pamphlet entitled "Steel Sheet Piling," copies of 
which can be had on request. 
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UNITED STATES STEEL SHEET PILING 
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SYMMETRICAL INTERLOCK CHANNEL BAR PILING 
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STRUCTURAL TIMBER 

The strength of structural timbers depends upoa a nmnberof 
factors; the kind of wood, the age of the tree, the time of the jeir 
in which it was felled, the method of sawing, the character of tbe 
9f;a8^ining and therewith its moisture content, the proportion of 
heartwfx^l to sapwood and the proportion of knots to clear wood 

In comiequence of these variable factors, the working unitstresBeB 
approved by the building laws of diflferent cities vary widdy, as 
well alfw^i as the unit s tresses given in the proceedings of the Yarioas 
engineering associations. They go back in some cases to the 
studies made in 1895 by the Association of Railway Superintendents 
of Bridges and Buildings. 

The most recent studies in this direction have been made by the 
American Railway Engineering Association, and the tables for 
wooden beams and columns which follow are based on the working \ 
unit strosses for structural timbers adopted by that Association. 
The table of working unit stresses has been reprinted, by permission, 
from the Manual, edition of 1911. 

These unit stresses vary with the class of construction. They are 
intended, as noted, for railway bridges and trestles. For highway 
bridRr^H and trestles and for buildings and similar structures, the 
unit HiroHHCH may be increased in accordance with the more quiescent 
characi(!r of the loading and freedom from deleterious weather 
conditionH. The values are based on carefully selected timber j 
purcliased in accordance with the standard specifications of the 
AHHOoiation and subject to careful inspection. 

TJHi commercial timbers which are in common use in building 
construction will not meet these specifications, and, therefore, the 
unit HtrcsHcs approved by good building practice as evidenced in 
the building laws of various cities are rightly lower. The tables 
as tlic^y stand are in accord with the average practice as represented 
by tluvse building laws, and may, therefore, be used as they stand 
for ordinary building work executed with the commercial grades of 
limber, such as can be purchased in the open market. 

The allowable loads may be adjusted to other species of wood 
than I hose stated in the headings of the tables and to other unit 
Btrossos by the "direct proportion which such unit stresses bear to 
those for which the tables are computed. In the case of columns 
the values may bo adjusted to any working unit stress by direct 
proportion based on the relations of 1/d. 
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TIMBER SAFE LOADS 



'ORKING UNIT STRESSES FOR STRUCTURAL TIMBER 



The worklnB unit stresses given In the table &i* imondcU for railroad 
■idges and trestles. For highway bridgea ond tccBtlca, tlic unit stresses 
my be increased 25 per cent. Forbuildlnes aDSranilltirGlrui^ttireE. In nhit'li 
iC Umber is protccti-d from the weailicr iind iirooUcally Iree Imm inipa.-(. 
,e unit stresses may boiam-asorl 50 per cent. To compute tiip lielleciioD 

ti beam uudor long continued ioodiug Instetid ot that when the load Is 
■at applied, only 50 per cent, of the corresponding modulua of elasticity 
ven in the table ia to ba employed. 
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WOODEN BEAMS 

Thf Hhiv load 1 ii.h\v» of \vood<*n beams which follow, based upa 
Miv wiirkiiig unit s^ircsscrs adoi)tt»d by the American HailwiT 
l.iifr.ii<*cniif: Ahsnci'iiidii, pre the uniformly distributed safeloadi 
Utt ifcUiu^uhir M-ciiDiis one inch thick; the safe load for a beam of 
aii> ilufLiicss is fuiiiid l>y multiplying the tabular value by the 
iliickijr.s> i»f t lie l>r:iiii iii iiivlit'S. The Safe loads include the vdgiit 
ui ihc lic.'iiiis :liii! :iYv (■i>z:i])iiU'd on the assumption that the beam 
un- l»i":ic('d itp:tiiisT hiicrnl diflfction. These tables also give mini- 
111 u III mill ni.-i^iiiuiiii .'^;):iii<i and coefficients of deflection. 

Tlie in:j.\iimiin s:i.f( In; 1> as limiied by the allowable shearini 
n^resJ*e^ nlmii; liorizuiiinl i^xes of bcunis have been calculated from 
ilif idrimil:!: M:i\^n.iiiii s;j.!e load = *3 x area of section x safe 
iiiiii stress for liiiiciinJiii:i.l slie:u\ These limits, indicated also br 
lion/iiiital lines in the i:.!iles, sliouid not be exceeded to avoid 
luiiurc of tlie lu\«ini in lu)n/imt:J direction of the grain of the wood. 
'1 lie iliedrei le.'il tieflec! ii»ii in the centej of the span for unifonnlr 
(lisiri lulled aud penii.aneni.lv :i]i])lied loads is obtained from the 
i-oetlii'ienis of detieciinii bv dividing the depth of the beam, in 
.nrh«*s. into ihe rorres]uindini: coefFicieni ; the result obtained only 
Hnnri)\ini:ttt>s the MCiu.a': defh'etion, as the modulus of elasncitj 
\':irii> \\\\\ \\\v nu»!s:iirr ei)i:u*m of the wood. 

Thi »iefie»*:uir o. br;.ni> ir.:eniier. I o carr^* plastered ceilings shodd 

nn: I \.»ee.i ';w«o: :hesn:tr: ; he i:ihie gives the maximum spans for 

i-> l.ni'. M* Jl^.i!llvn^^ d:s;vihuied und permanently applied iosis. 

: .V i.^;«.;> »'.uK*;M^. ■■:i . i'l! n. ; lii oiMiier of the span, use one-Lilrib* 

•.■.■,'> :iv , !n iMh'.iiii: io:i»:> :\v.c. ii'u^-lif; lis of the coeSfiezi? of 

.: •■ . 'Av,. \\y. sp. '.•:;, .\;s.*- n. loMiIini:. sec pages 206 TO -11. 

- ' . »>:'o.ii'-.^. ;:^i ; ::i.*U:vsv ani. itif approximaif- dea?rb:c of » 
\."-«- iVVK :.>.--.'^ .v.: s;:;-.V'^~i'Tic ii uniformly diir:r::-z:ec »sd 

■ i^.^rti. !»;■..: = • . ..»:.. .^. . .»K vo;:ri.^> over a span of !?■ iecT. 
■-■■ In- ■• ;i\t. '..- J. :>.';■:": ,.::i •.:■..■•: i:M,?k and for a snaz: of :?f?KM 

- • •.• tv ■■*,■■■■ ■ : :*> i:'.;';"^ 

N « 1^ V -.'. -. <..'. ..^:i.. o' : ^tean: of whixe p=sr > inia 

; . ■-, ■. >^ -i...,.-^ ,. . . \.>^--., '.ij. :::. liin^riTudinal j^hfanz^ «:r?B. 

■' ■ "'^ »■ v. f.^ : .• .-^■.-.■. -u ?v\.". : ir.ci. TSit.-i: t scJf L-*i :'Ti' 
. . • •. •- V . .... ■< -■.-.•■"." --. -;Ni ptvuncs jt ti=: sxfi Icii 

. ■ • ■ ^ % ■ '.. '•-." -ir.-:. Th'.rk &. ;=Li:jrzLr ilac.- 

V ■ ^^ -v ..... ■ vr.-r: .-^'srjir. : >v.H.— ^sdCO 
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TIMBER SAFE LOADS 

3tECTANGULAR WOODEN BEAMS— ONE INCH THICK 
Maximum Safe Loadb akd Limitika Spans 
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TIMBER SAFE LOADS 



TTANGULAR WOODEN BEAMS— ONE INCH THICK 

LONGLEAF PINE 

Allowable Uniform Load in, Pounds 
Maximum Bending Stress, 1300 Pound^^er Square Inch 



Depth of Beam in Inches 



820 



289 
193 
144 
116 

96 
83 
72 



640 



678 
462 

385 
330 

289 
257 

231 

210 
193 



6 



I 
960 



867 
743 

650 
578 

620 

473 
433 

400 
371 

347 
325 



8 



1280 



1156 
1027 

924 

840 
770 

711 
660 

616 

678 

644 
514 

487 
462 



10 



1600 



1444 

1313 
1204 

1111 
1032 

963 

903 

850 
802 

760 
722 

688 

657 
628 
602 



12 



1920 



1891 
1733 

1600 
1486 

1387 

1300 
1224 
1156 

1095 
1040 

9^ 
904 
867 
832 

800 
770 
743 



14 



16 



2240 



2178 
2022 

1887 

1769 

1665 
1573 

1490 
1416 

1348 

1287 
1231 
1180 
1132 

1089 

1049 

1011 

976 

944 

913 

885 



2660 



2465 

2311 

2175 
2054 

1946 
1849 

1761 

1681 
1608 
1541 
1479 

1422 
1370 
1321 
1275 
1233 

1193 
1156 
1121 
1088 
1057 

1027 



18 



2880 



2753 
2600 

2463 
2340 

2229 

2127 
2035 
1950 
1872 

1800 
1733 
1671 
1614 
1560 

1510 
1463 
1418 
1377 
1337 

1300 
1265 
1232 
1200 
1170 



20 



8200 



3041 
2889 

2751 

2626 
2512 
2407 
2311 

2222 
2140 
2064 
1992 
1926 

1864 
1806 
1751 
1699 
1651 

1605 
1562 
1521 
1482 
1444 



22 



8620 



3496 

3329 

3178 
3040 
2913 
2796 

2689 
2589 
2497 
2411 
2330 

2266 

2185 
2119 
2056 
1998 

1942 
1890 
1840 
1793 
1748 



24 



8840 



3782 
3617 
3467 
3328 

3200 
3082 
2971 
2869 
2773 

2684 
2600 
2621 
2447 
2377 

2311 
2249 
2189 
2133 
2080 



lorisoiital lines indicate the limit for resistance to shear in the horisontal direction of the grain. 
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RECTANGULAR 


WOODEN BEAMS—ONE INCH THICK 




flHOKTLEAF FINE, WE3TEEN HEMLOCK AND WHITE OAK 




Allowable Uniform Load in Pounds 
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TIMBER SAFE LOADS 



RECTANGULAR WOODEN , BEAMS— ONE INCH THICK 

white pine 

Allowable Uniform Load in Pounds 

« 

MaxJTniim Bending Stress, 900 Pounds per Square Inch 



Span 










Depth of Beam in Inches 


in 
Feet 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


2 


187 


878 






















3 

4 


133 
100 

80 




, 5 


320 




6 


67 
67 
50 


267 

229 
200 

178 
160 


660 


747 


















7 
8 


614 
450 

400 
360 




9 
10 


711 
640 








145 
133 


327 
300 

277 
267 

240 


582 
533 
492 
457 

427 


938 


1120 


1807 












11 
12 


909 
833 

769 

714 

667 




13 
14 


1108 
1029 

960 




15 


1307 




16 
17 






225 


400 
377 

356 
337 

320 


625 

688 

556 
526 

500 


900 

847 

800 
758 

720 


1225 
1153 

1089 
1032 

980 


1496 


1680 








18 
19 


1422 
1347 
1280 




20 


1620 




21 








. 


476 

455 
435 

417 


686 

665 
626 

600 
576 


933 

891 
852 

817 

784 


1219 

1164 
1113 

1067 
1024 


1643 

1473 
1409 

1350 
1296 


1867 


2068 




22 
23 


1818 
1739 

1667 
1600 




24 
25 


2017 
1936 






■ 










564 
533 
514 


754 
726 
700 
676 
653 


986 
948 
914 
883 
853 


1246 
1200 
1157 
1117 
1080 


1538 
1481 
1429 
1379 
1333 


1862 
1793 
1729 
1669 
1613 


2340 


26 
27 
28 
29 
30 


2215 
2133 
2057 
1986 
1920 


81 
82 
83 
34 
35 














632 
613 


826 
800 
776 
753 
731 


1045 

1013 

982 

953 

926 


1290 
1250 
1212 
1176 
1143 


1561 
1513 
1467 
1424 
1383 


1858 
1800 
1746 
1694 
1646 


86 
37 
38 
39 
40 
















711 


900 
876 
853 
831 
810 


1111 
1081 
1053 
1026 
1000 


1344 
1308 
1274 
1241 
1210 


1600 
1557 
1516 
1477 
1440 



Hoiisontal linei indicate the limit for reaistance to shear in the horiiMital direction of the grain. 
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CARNEGIE STEEL COMPANY 



RECTANGULAR WOODEN BEAMS-^ONE INCH THICK 

SPRUCE 

Allowable Uniform Load in Pounds 
Maximum Bending Stress, 1000 Pounds per Square Inch 



Span 


Depth of Beam in Inches 


in 
Feet 


2 


1 
4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


1 
2 


187 


873 














1 

1 






3 

4 


148 
111 

89 




5 


356 








6 

7 


74 
«3 

56 


296 
254 

222 

198 

178 


560 


747 


















8 
9 


500 
444 

400 




10 


711 




11 




162 

148 


364 

333 
308 
286 

267 


646 

593 
547 
508 

474 


988. 


1120 














12 
13 
14 


926 
856 
794 

741 




15 


1067 




16 






250 


444 

418 
395 
374 

356 


694 

654 
617 
585 

566 


1000 

941 

889 
842 

800 


1807 


1498 










17 
18 
19 


1281 
1210 
1146 

1089 


- 


20 


1422 




21 










529 

605 
483 

463 


762 

727 
696 

667 
640 


1037 

990 
947 

907 

871 


1354 
1293 
1237 

1185 
1138 


1680 


1867 






22 
23 


1636 
1566 

1600 
1440 




24 
25 


1852 

1778 




26 












615 

593 
571 


838 

807 

778 

751 
726 


1094 

1053 
1016 

981 
948 


1385 

1333 
1286 

1241 
1200 


1709 

1646 
1587 

1533 
1481 


2058 




27 
28 


1992 
1921 

1854 
1793 


2240 


29 
30 


2207 
2133 


31 
32 
33 
34 
35 














703 
681 


918 
889 
862 
837 
813 


1161 
1125 
1091 
1059 
1029 


1434 
1389 
1347 
1307 
1270 


1735 
1681 
1630 
1682 
1537 


2065 
2000 
1939 
1882 
1829 


36 
37 
38 
39 
40 
















790 


1000 
973 
947 
923 
900 


1235 
1201 
1169 
1140 
1111 


1494 
1453 
1415 
1379 
1344 


1778 
1730 
1684 
1641 
1600 



Horisontal lines indicate the limit for resistance to shear in the horizontal direetion <^ the grain. 
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TIMBER SAFE LOADS 



WOODEN COLUMNS 



The safe load tables of wooden columns which follow, based 
upon the working unit stresses adopted by the American Railway 
Engineering Association, give the allowable direct compressive 
loads for square and round columns. 

The safe loads of rectangular columns may be found from the 
safe loads of square columns by direct proportion of areas, using 
the safe load unit stress of the square column whose side is equal 
to the least side of the rectangular section. 

The following table gives the safe load in pounds per square inch 
of sectional area for ratios of 

J effective length of column, in inches 

d least side or diameter, in inches ' 
ranging between limits of 15 and 30. 



I 



Unit Working Stresses in Pounds per Square Inch 









Shortleaf 










lAo^kai 


Douglas Fir, 


Pine, 


White Pine, 


Red Cedar, 


NorwiQT 


1 
d 


White 6ak 


Western 
Hemlock 


Spruce, 
Bald Cypress 


Tamarack 


Redwood 


Pine 




1300(1— l/d60) 


1200(1— l/d60) 


1100(1— l/d60) 


1000(1— l/d60) 


900 (1— l/d60) 


800(1— l/d«0) 


15 


976 


900 


825 


750 


675 


600 


16 


953 


880 


807 


733 


660 


587 


17 


931 


860 


788 


717 


645 


573 


18 


910 


840 


770 


700 


630 


560 


19 


888 


820 


752 


683 


615 


547 


20 


867 


800 


733 


667 


600 


533 


21 


845 


780 


715 


650 


585 


520 


22 


823 


760 


697 


633 


570 


607 


23 


802 


740 


678 


617 


555 


493 


24 


780 


720 


660 


600 


540 


480 


25 


758 


700 


642 


583 


525 


467 


26 


737 


680 


623 


567 


510 


653 


27 


715 


660 


605 


550 


495 


440 


28 


693 


640 


587 


533 


480 


427 


29 


672 


620 


568 


517 


465 


413 


30 


650 


600 


550 


500 


450 


400 



ExAMPLB 1. — Required the allowable load for a column of white oak 
10" X 8", 14 feet long. 

The safe load given in the table for a square white oak column 8" x 8", 
14 feet long, is 54.100 pounds. The load for the 10" x 8" section is 
10 X 54,100 -i- 8 = 67.600 pounds. 

Example 2. — Required the allowable load for a spruce pile, 9" diameter 
and 18 feet long. 

The unit stress given in the above table for the corresponding ratio of 
1/d, 18 X 12 -i- 9 = 24 is 660 pounds, and the sectional area for a 9" round is 
03.62 square inches. The safe load, therefore, is 63.62 x 660=42.000 pounds. 
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CARNEGIE STEEL COMPANY 

SQUARE WOODEN COLUMNS 

Sa?b Loads in Thottsands or Pounds 

American Railway Ensbteerins Aasod&Uon Fonnnl>H 

EideolSiiuife, India 
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TIMBER SAFE LOADS 
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PHYSICAL PROPERTIES OP SUBSTANCES 



SraCIFig GRAVITIES AND WEIGHTS 















■o™ 


!^l.B 




O.W-0,SB 
0A1-0.5J 



tbtod that wtnghta 



rho welahts per cjbio 
wtnghta arc for bulk, I 





2.1-2A 


Mortar Kobble»U«.wy 


2,2-!J 


Drr RDUle Huoht 

Iraiute. Byeoite, gncira. . . . 
LimMUmf.marbli.. 
Saiidiitoiui,bIii»toM 


lis-LB 


Brick Hhodit 












CoBcr^HaunrT 

Ceni«il,HoDciaod,.. 


iSI 



It Bnlldlns Mmtl 



Cobtntj purtlaod, \o 






.. etc., Eicmted 

C]»y,dri' 

Clb}' and gnveli dry 

tjOrLh, dry. IehmB 

\ pulidd 

Smd, gravel, dry, luon. . . . 

InValo 

Sftod or gravel , 



Wi^bl, 
PouBda 

c£1ft. 



a:: 



-X 



jX 



.A 



.( 



2O0to!!S0 



.1'. 
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PHYSICAL PROPERTIES OP SUBSTANCES 



CONTENTS OF STORAGE WAREHOUSES 



Material 



DrngB, Oilii» Paints, Etc 

CSiemicals: 

Adds, Muriatic and Nitric, in carboys 

" Sulphuric, in carbo}rs 

Ammonia, in carboys 

Alum, Pearl Alum, in barrels 

Bleaching Powder, in hotheads 

CraperSulphateJBlueVitrioUinbbls. 
Soda, Caustic Soda, in iron drums. . 

Soda, Soda Ash, in hogsheads 

Soda Cprstals, Sal Soda, in barrels. 

Soda Nitrate, Niter, in barrels 

Soda Silicate, in barrels 

Zinc Sulphate, White Vitriol, in barrels 
Oils, F&ts, Kesins, etc.: 

Glycerine, in cases 

Oils, Animal, Lard, etc., in barrels . . 

" Vegetable, Linseed, in barrels. . 

" Mineral, Lubricants, in barrels.. 

" Petroleum, Kerosene, in barrels. 

*' NaphUia, (xasolene, in barrels. 

Boon, in barrels 

Shellac Gum, in boxes 

Tallow, in barrels 

Dye Stuffs, Punts, etc.: 

Indigo, in boxes 

Logwood Extract, in boxes 

Sumac, in boxes 

Red Lead, lithar^, dry, in barrels. . 

White Lead, dry, m barrels 

White Lead, paste, in cans 



Boildinff Materials 

Cement, Natural, in barrels 

" Portland, in barrels 

Lime, Quick Lime, ground, in barrels. 
Plaster of Paris, ground, in barrels. . . 



Sheet Metal and Wire 

Sheet Tin, in boxes 

Wire, insulated copper, in coils 

** galvanised iron, in coils 

" magnet wire, on spools 



Pounds 

per 

Cubic Foot 

of Space, 



MiaceUaneoiui 

Chinaware, Glassware, in crates 

" " in casks 

QlasB, in boxes 

Hardware, door and sssh checks, in cases 

" hinges, in cases 

" locks, in cases 

*' screws, in boxes 

HkieB, raw, not compressed, in bales. . . 

" nw, oompreesed, in bales 

Leather, in bales 

Paper, cdendered paper 

newspaper, manila, strawboards. 

" writing paper 

Rope in Coils 



45 
60 
30 
33 
31 
45 
88 
62 
30 
45 
53 
40 

52 
34 
36 
35 
33 
28 
48 
38 
37 

43 

70 
39 
132 
86 
174 



59 
73 
50 
53 



278 
63 
74 
75 



40 
14 
60 
46 
64 
31 
101 
13 
23 
16 
50 
35 
64 
42 



Height 

of Pile. 

Feet 



1% 
1% 
1% 
7 

3H 
5 

5 
5 
5 
5 

6 
6 
6 
6 
6 
6 
6 
6 
6 

6 

4M 
5 



3>2 



6 
6 
5 
5 



5 

4H 
6 



8 

9 

6 

6 

6 

6 

4 

10 

10 

10 

6 

6 

6 

6 



Pounds 

per 

Square Foot 

of Floor 



75 
100 

50 
231 
103 
225 
294 
170 
150 
225 
265 
200 

312 
204 
216 
210 
198 
168 
288 
228 
222 

258 
315 
195 
495 
409 
609 



354 
438 
250 
265 



417 
315 
333 
450 



320 
126 
360 
276 
384 
186 
404 
130 
230 
160 
300 
210 
884 
262 



Recommended 
Live Loads) 
Poundsper 
Square Foot 



200 to 260 



300 to 400 



300 to 400 



800 to 400 
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CARNEQIE STEEL COMPANY 



STRENGTH OF MATERIALS 
Stresses per Square Inch 



Metals and Alloys 



Aluminum, cast 

" bars, sheets 

" wire, hard 

" amiealed 

2— 7%Ni,Cu, Fe,etc.... 
Aluminum Bronze, 5% to 7^% Al . . . 

10% Al... 

Copper, cast 

plates, rods, bolts 

" wire, hard 

" wire, annealed 

Braas, 17%Zn 

" 23% " 

" 30% " 

" 39% " 

•' 50% " 

" cast, common 

" wire, hard 

" " annealed 

Bronze 8% Sn 

" 13% •• 

" 20% " 

" 24% •• 

" 30% " 

" gun metal, 9 Cu, 1 Sn 

" Manganese, cast \10% Sn — 
rolled/ 2% Mn... 

Phosphorus, cast \9% Sn 

wire/1% P 

" Silicon, cast, 3% Si 

" 5% Si 

" wire 

" Tobin,cast 1 38% Zn... 

" rolled fiy2%Sn... 

" coldroUedJ 3^%Pb... 

Delta Metal, cast 1 55—60% Cu . . . . 

•• plates 1 38-40% Zn 

" bars 2— 4%Fe 

" wire J 1— 2%Sn 

German Silver, 25% Zn, 20% Ni 

Iron, see next page 

Gold, cast 



wire 

" copper, 6 Au, 1 Cu. 
Lead, cast 



pipe, wire 

" rolled sheets 

Platinum, wire, unannealed. 
" annealed... 

Silver, cast 

Steel, see next page 

Tin, cast 

•' antimony, 10 Sn,^lSb. 
ZiDc, cast. 



Stresses in Thousands of Pounds 



o ^ 

-a a 

a -5 



15 
24-28 
30-e5 
20-35 
40-50 

75 
85-100 

25 
32-35 
55-65 

36 

32.6 

28.1 

41.1 

31 
18-24 

80 

50 

28.5 

29.4 

33 

22 
5.6 
25-55 

60 
100 

50 
100 

55 

75 
108 

66 

80 
100 

45 

68 

85 
100 



20 
30 
50 

1.8 
2.2-2.5 

3.3 
53 
32 
40 

3.5-4.6 

11 

4-6 



ShJ 



rolled sheets. \ ^-^^ 



6.5 
12-14 
16-30 
14 
25 
40 
60 

6 
10 

10 
8.2 
7.6 
8.6 
17.4 
17.9 
6 

16 
19 
20 

22 
56 
10 
30 
80 
24 



40 



1.5-1.8 
4 



\ 



'S ^ 

o 



12 



120 

40 
32 



42 

76 

117 
30 



42 

53 

78 

114 

147 

125 



6 
18 



\ 



^1 



fi 



CQP 



22 



23.2 

22.3 

26.9 

39 

33.5 

20 



43.7 

34.5 

56.7 

32 

12.1 

52 



4 

7 



12 



30 



36 



•8^ 



^m 



Js 






g 

'•2 



11,000,000 



10,000,000 

18,000,000 
15.000,000 



9,000,000 

14,000,000 
10,000,000 



10,000,000 



4,500,000 



8,000,000 



1.000,000 

1,000,000 

720,000 



4.000,000 
13,000.000 



26.7 
35.8 
20.7 
20.7 
5.0 



5.5 

3.3 

0.04 
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PHYSICAL PROPERTIES OP SUBSTANCES 



STRENGTH OF MATERIALS 
Stresses per Square Inch 



Metal and Alloys 



Steel 

Shai;>es, Plates, Bars ^ 

bridges 

'* buildings 

** cars 

*' locomotives 

** ships 

Boiler Plates* 

" firebox 

" flange plates 
Rivets* 

•* boilers 

** bridges. 
" buili 

" cars 

** ships 

Concrete Bars* 

plain, structural grade 
" intermediate — 

" hard 

deformed,struct'l grade 
" intermediate 

" hard 

cold twisted 



«« 



Castings* 



•« 



soft 

medium. 
haid 



Forgings* , 

Steel Alloys . 

Nickel Steel,* 3.25% Ni. 

** shapes, plates, bars . . . 

** rivets 

" eye bars, unannealed . . 

" " annealed.... 

Copper Steel, 0.50% Cu 



Steel Springs and Wire 

Springs, untempered 

Wire, unannealed 

" annealed 

" bridge cable 



Wrouffht Iron 

Shapes 

Bars 

Wire, unannealed 

" annealed 



Cast Iron 



Common . 
Gray 

Malleable 



Stresses ifi Thousands of Pounds 



O c9 

h5 



55-65 
55-65 
50-65 
55-65 
58-68 

55-65 
52-62 

45-55 
46-56 
46-56 
48-58 
5&-65 

55-70 
70-85 

80 
55-70 
70-85 

80 



60 
70 
80 



85-100 

70-80 

95-110 

90-106 

60-68 



65-110 

120 

80 

200 



48 
50 
80 
60 



15-18 
18-24 
27-35 



W*-' 



H tens 



14 tens. 
yi tens. 



33 
40 
60 
33 
40 
60 
55 

27 

31.5 

36 



50 
45 
55 
62 
37-38 



40-70 
60 
40 
95 



26 
27 



27 
6 



15-20 



S 



Ok-l 



Sp 



o 

O 



tensile 



tensile 



tensile 



tensile 






tensile 



tensile 



tensile 



80 



46 



a OS 

11 



tensile 



it 



tensile 



tensile 



tensile 



% tens. 



11 
« 
It 

It 



tensile 



tensile 
t< 



tensile 



30 

25-33 

30 



^S 



CQhJ 



% tens. 



% tens 



% tens 



li 

It 



% tens. 



<^ tens. 



% tens 



18-20 
' 40' ■ 



it| 



I 
I 



^ 



29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 

29,000,000 
29,000,000 

29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 

29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 

29,000,000 
29,000,000 
29,000,000 



27.3-23.0 
25.4-21.6 
30.0-23.0 
27.3-23.0 
25.9-22.1 

27.3-23.0 
28.8-24.2 

33.3-27.3 
32.6-26.8 
30.4-26.0 
31.3-26.9 
27.3-23.0 

26.4-20.0 
18.6-16.3 

16.0 
22.7-17!9 
16.1-13.2 

12.6 
6.0 

22.0 
18.0 
16.0 



29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 



17.6-15.0 
21.4-18.8 
15.8-13.6 

20.0 
29.0-23.0 



28,000,000 
28,000,000 
15,000.000 
25,000,000 



12,000,000 



* See Specifications of the Society of Testing Materials. 
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CARI^eUie STEEL COMPANY 



STRENGTH OF MATERIALS 

Stresses in Pounds per Square Inch 



Building Materials 



Stone 

Granite, gneiss, bluestone. 

Limestone, marble 

Sandstone 

Slate 



Brick 

Medium burned 

Hard burned .^ 

Pressed and paving brick — 

Cement, Portland 

Neat, 28 days 

dOdays 

1:3 sand, 28 days 

90 days 

Concrete, P. C. 

ei fGranite, trap rock 

Lime and Sandstone, hard 
Lime and Sandstone, soft 
Cinders 



CO 

• • 



Granite, trap rock 

Lime and Sandstone, hard 
Lime and Sandstone, soft 
Cinders 



CS| 



>o 



Granite, trap rock 

Lime and Sandstone, hard 
Lime and Sandstone, soft 
.Cinders 






Granite, trap rock 

Lime and Sandstone, hard 
Lime and Sandstone, soft 
Cinders 



CO 

• • 



Ultimate Average Stresses 



Compress. 



Granite, trap rock 

Lime and Sandstone, hard 
Lime and Sandstone, soft 
Cinders 

Masonry 

Granite 

Limestone, bluestone 

Sandstone 

Rubble 

" coursed 

Brick, medium burned 

" hard burned 

Miscellaneous 

Glass, common 

Plaster 

Terra cotta 

Ropes, sts^l hoisting, derrick. 

" manila 

Belts, solid woven, cotton 

" flax 



12,000 
8,000 
6,000 

10,000 



10,000 

15,000 

6,000 



7,040 
7,350 
1,290 
1.490 

3,300 

3.000 

2,200 

800 

2,800 

2,500 

1,800 

700 

2,200 

2,000 

1,500 

600 

1,800 

1,600 

1,200 

500 

1,400 

1,300 

1,000 

400 



30,000 

700 

5,000 



Tension 



1,200 
800 
150 

3.000 



200 



740 
740 
320 
340 



Bending 



1.600 
1.500 
1,200 
5,000 



600 



Modulus 

of 
Elasticity 



7,000,000 

7,000,000 

3,000,000 

14.000,000 



SafeWoikingStnsBGS 



Compress. 



1,200 
800 
500 

1.000 



Bearing 



1,200 
800 
500 

1.000 



Sheariiig 



200 
150 
150 
175 



Reinforced Concrete— Safe Worldiiff Stresacs 

3,000,000 for ult. oompression over 2,900. 

2,500,000 for ult. compression up to 2.900. 

2,000,000 for ult. compression up to 2,200. 

750,000 for ult. compression under 800. 



Modulus 

of 
Elasticity 



Safe Stresses in Per Cent of Ultiinate CompresBion 



Compression 

Bearing 

Shear and 
Diag.Tension ' 

Bond Stress 



Plain Concrete Piers, length 4 dia. 22.5% 

Remforced Columns, '^ 12 '^ 22.5% 

, Reinforced Beams, 32.5% 

Surface twice the loaded area 35.0% 

' Horizontal Bar8.no web reinfOToement 2.0% 
" vertical stirrups.... 4J)% 

Bent Bars and vertical stirrups 5.0% 

Same, securely attached 6.0% 

' Drawn Wire 2.0% 

Plain reinforcing bars 4.0% 

. Deformed Bars, best type 5.0% 



For complete data see Transactions of the American 
Society of Civil Engineers, Vol. LXXXI-No. 1388, Dec. 1917. 



3,000 
70 

75,000 
8,000 
7.300 
9,900 





' 


420 


600 






350 


500 






280 


400 






140 


250 






170 


250 






170 


300 






210 


300 


3,000 


8,000,000 







For ultimate and working stresses of Structural Timber, see page 359. 
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PHYSICAL PROPERTIES OP SUBSTANCES 

EXPANSION OF BODIES BY HEAT 
The linear coeffident of exptuision of a body ie the rate at which 
tbe unit of length changes, under conatant pressure, with anincreafle 
of unit or one degree of temperature; the square surface coefficient 
of expansion is, approximately, two times, and the cubical or 
volumetric coefficient three times the linear coefficient of expansion. 
A bar, if not fixed, undergoes a change in length^^^Itn, where 1 
is tlie length of the bar in inches, t the number of degrees, n the 
corresponding linear coefficient; if fixed at both ends, the internal 
stress per unit of area^=tnE, pounds per square inch, where E is 
the modulus of elasticity, and the total temperature stress^AtnE, 
pounds, where A is the cross section of the bar in square inches. 

To find the increase of a bar due to an increase in temperature, 
from the table, multiply the length of the bar by the increase in 
and by the coefficient for 100 degrees, and divide by 100. 



CoEPnciENTS OF Expansion fob 100 Deorbeib^IOOq 






B,HBt,«[V... 



QrKphitfi , . , 
Gntta-percb' 



PiDe 

Mbptti Ipcrpendicu 



.00038 
'JXXOQ 



" Ailpburio-.. 
il, tiirpentiae . . . 





Expansion 


or 


Water, Maximum Dbn8:tt=1 




c* 


Volome C 


Volume 


c° 


Vriume C 


VolmiM C 


Vohimo C° 


Volume 


t 


l.OOtUM 10 
l^OOOOW W 


1.OO02J7 


40 


1.007B27 60 


mmk m 


isami 100 


l.(>3182« 
IMSllS 
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EQUIVALENTS OF MEASURE 

Lengths 

1 meter, m = 10 decimeters, dm = 100 centimeters, cm =: 1000 millimeters, mm. 
1 meter, m=0.1 decameter, dkm = 0.01 hectometer, hm = 0.001 kilometer, km. 
1 meter, m = 39.37 inches, U.S. Standard = 39.370113 inches, British Standard. 
1 millimeter, mm =1000 microns, /ui = 0.03937 inch =39^7 mils. 



Meters, 


Inches, 
in. 


Feet, 
ft 


Yard, 

yd. 


Rods, 
r. 


Chains, 
ch. 


Miles, U.S. 


Kilo- 


m 


Statute 


Nautical 


meten, 
km* 


1 


39.37 


3.28083 


1.09361 


0.19884 


0.04971 


0.S6214 


0.06396 


0.001 


0.02540 


1 


0.08333 


0.02778 


0.05051 


0.01263 


O.J 1578 


0.01371 


0.S2540 


0.30480 


12 


1 


0.33333 


0.06061 


0.01516 


0.glS94 


0.01646 


0.03048 


0.91440 


36 


3 


1 


0.18182 


0.04546 


0.36682 


0.04934 


0.o9144 


6.02921 


198 


16.5 


5.6 


1 


0.26 


0.03125 


0.S2714 


0.06029 


20.1168 


792 


66 


22 


4 


1 


0.01260 


0.01085 


0.02012 


1609.35 


63360 


5280 


1760 


320 


80 


1 


0.86839 


1.60935 


1853.25 


72962.5 


6080.20 


2026.73 


368.497 


92.1243 


1.16166 


1 


1.85325 


1000 


39370 


3280.83 


1093.61 


198.838 


49.7096 


0.62137 


0.53959 


1 



1 yard, U. S. = 1.0000029 yards British 1 yard British = 0.9999971 yard U.S. 

1 chain, Gimter's = 100 links 1 link = 7.92 inches. 

1 cable length, U.S. = 120 fathoms = 960 spans =720 feet =219.457 meters. 

1 league, U. S. = 3 statute miles = 24 furlongs. 

1 international geographical mile = Vis** at equator = 7422 m 

=4.611808 U. S. statute miles. 
1 international nautical mile =^o** at meridian =1852 m 

=0.999326 U. S. nautical miles. 
1 U.S. nautical mile=^o° of circumference of sphere whose surface equals 

that of the earth = 6080.27 feet = 1.15155 statute miles =1853.27 meters. 
1 British nautical mile = 6080.00 feet = 1.15152 statute miles = 1853.10 meters. 

Surfaces and Areas 

1 sq. meter, m^ = 100 sq. decimeters, dm2 = lOOOO sq. centimeters, cm*. 
1 sq. meter, ma = 0.01 are, a = 0.0001 hectare, ha. 

1 sq. millimeter, mma = 0.01 cma = 0.00155 sq. inch =^1973.5 circular mils. 
1 are, a= 1 sq. decameter, dkm =0.0247104 acre. 



Sq.Meten,S<l. Inches, 


Sq. Feet, 


Sq. Yards, 


Sq. Rods, 


Acres, 


Hectares, 


Sq.Mfles. 


Sq.Eilo- 


ma 


sq.in. 


sq.ft 


sq. yd. 


sq. r. 


A 


ha. 

• 


Statute 


ucten^ 
fan* 


1 


1550.00 


10.7639 


1.19599 


0.03964 


0.§2471 


0.0001 


0.03861 


O.0I 


0.06452 


1 


0.0 6944 


0.J7716 


O.o2551 


0.01594 


0.0 6462 


0.$2491 


0.06452 


0.09290 


144 


1 


0.11111 


0.03673 


0.^2296 


0.09290 


0.S3587 


0.09290 


0.83613 


1296 


9 


1 


0.03306 


O.S2O66 


0.J8361 
0.S2529 


0.g3228 
0.S9766 


0.S8361 


25.2930 


39204 


272.25 


30.25 


1 


0.00626 


O.o2520 


4046.87 


6272640 


43660 


4840 


160 


1 


0.40469 


0.gl663 


O.O4047 


10000 


15499969 


107639 


11959.9 


395.366 


2.47104 


1 


0.g3861 


0.01 


2589999 




27878400 


3097600 


102400 


640 


259.000 


1 


2.69000 


1000000 




10763867 


1195985 


39536.6 


247.104 


100 


0.386101 


1 ! 


1 sq. rod, sq. pole, or sq. perch =625 sq. links =^ioo acre. 

1 sq. chain, Gunter's — 16 sq. rods — Mo acre. i 

1 acre — 4 sq. roods — 160 sq. rods. Square of 1 acre — 208.7103 feet square. 


Notations o. o. o, etc., indicate that the o, o. o, etc., are to be replaced by 
2, 3, 4, etc., ciphers. 


E ZAMPLE— 1 sq. rod = 0.o9766 = 0.000009766 sq. miles. 
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MEASURES AND WEIGHTS 



' EQUIVALENTS OF MEASURE 
Volume and Capacity 

1 cu. meter, m* = 1000 cu. decimeter, dmB = ICOaoi»ci 
1 liter, 1=10 dedllteni. dl = l0a centlUtera, cl = l<X 
^1000 CO. centimeters, cm". ■ 



1 liter. 1 


= 0.1 decaliter, dkl = 0.Ol bectaliter, hl= 1 


■u. decimeter. dm». 


Cvbis 


a; 


Cobio 


Cubic 


U.S.Quirtl 


n.&Qolkni 




■^T 






riiuid. 




"*'■ 




















i 


61.0234 


0.03531 


O.Sl308 


1.0566S 


0.90S08 


0.26417 


0.22702 


0.02838 


0.0163B 


1 


0.S5787 


O.S2i43 


0.01732 


0.01488 


0.^4.'12fl 


0.33720 


0.S46S0 




1728 




0.03704 




25.7140 




0.42S51 


0.80356 


761.e5S 












201.974 


173.670 


21.6962 


0.»463fl 


67.75 


0.03342 


0. 1238 


1 


0.85937 


0.25 






1.10123 


07.2006 


0.03SSO 


0. 144C 


i.ieses 






0.26 


0.03125 
















0.85937 


0.10742 


4.404e2 


288.803 


0.15556 


0. 5761 


4.65490 




1.10365 




0.125 


3H.2393 


2150.42 


1.24446 


0-04600 


37.2368 


32 









1 busbe1 = 4 peckH^S goliooa^ 
1 gall(ni:=4 quartB=^fi pints^ 
■ ' s. tX=8 fl. dran 



»rt«=64_plnt 
lk= 128 fluid 



U. 8. Apo^. Measure: 

=a!5T* cu. cm", 
SHtlah Imperial gallon dry and liquid measure = 1.03Z02 U. S. dry Eal. 

= l,K)l»in. 8. liquid gal. ' " 

Biitdih Imperial gaUoD — 277.410 cu. in. = 4M5.ee31 cm*. 

Wdglit of water at madmiim density. 4''C, 45° Lat., and sea level. 
I cii.ft. = fl!.*aS3lba. av. =28.3170 kg 1 cu. In. =0.S780« Ot av. =■ 18.S8T2 B- 
' KEkl., U.S. llquid = 8,34S<S lbs. = 3.78S4Jkg. 
_-. ^^.._,. » ,_. 21 lbs. =l.S4SlfllI Itg. 



1 gal.. Brltlali Impe 



= 15132.35639 grains, U. S. and Britisli Si 



46= Lat. and sea level 







Oune™ 


PomidB 


Tgd> 


*te* 


Ttoy, 


^:.t: 


i^' 


i:z: 


"^'"^ 


Gt™. 


lOOUkg, 


O.SMS0 

ao3iio 

0.37324 
0.453S9 

101 6. OS 
1000 


480 

14000000 
5432351 


0-91146 

14.5833 
29166.7 

32150:7 


1.09714 

18 
3200O 

35274.0 


ofl738 
0.08333 
0-07S95 

2430.50 


2.204(i2 

0.06857 
0.00250 

200O 


0.i3421) 
0.00050 






u9842 
P6378 
J3061 
S2790 

S4401 
89288 

98421 


0.001 

o.|e4so 

0.S2835 
0-!3732 
0.S4536 

1.01605 

1 



1 ounce apotli.. 3 ^l 
1 hundredTieigh.t^i/; 






,. etc., indicate tl 



FLE— 1 grain = 0.«20g3 = 



1 grain =0,o648a- 



I replaced by 
: 0.00008480 kg. 



CARNEQIE STEEL COMPANY 



EQUIVALENTS OF MEASURE 

Forces or Weights per Units op Length, Linear Weights 

1 dyne per centimeter = 0.00101979 s/cm = 0.000183719 poundal/in. 
1 gram per centimeter = 980.5966 dynes/cm =3 0.180154 poundal/in. 
1 poundal per inch = 5443.11 dynes/cm = 5.55081 g/cm = 0.0310632 poundyin. 



Grams 














Gross 

Tons, 

2240 lbs., 

per Mile 


Metric 


C^i- 


Grains 


Pounds 


Pounds 


Pounds 


Kilograms 


Net Tons, 


Tons, 


per Inch, 


per Inch, 


per Foot, 


per Yard, 


per Meter, 


2000 lbs., 


1000 kg. 


m3ter 


gr./in. 


Ib./in. 


Ib./ft. 


lb./yd. 


kg/m 


per Mile 


per 


g/cm 














Kilometer 


1 


39.1983 


0.05600 


0.06720 


0.20159 


0.10 


0.17740 


0.15839 


0.10 


0.02551 


1 


0.01429 


0.01714 


0.05143 


0.02551 


0.04526 


0.04041 


0.02551 


178.579 


7000 


1 


12 


36 


17.8579 


31.6800 


28.2857 


17.8579 


14.8816 


583.333 


0.08333 


1 


3 


1.48816 


2.64000 


2.35714 


1.48816 


4.96054 


194.444 


0.02778 


0.33333 


1 


0.49605 


0.88000 


0.78571 


0.49605 


10 


391.983 


0.05600 


0.67197 


2.01591 


1 


1.77400 


1.58393 


1 


5.63698 


220.960 


0.03157 


0.37879 


1.13636 


0.56370 


1 


0.89286 


O.56370 


6.31342 


247.475 


0.03535 


0.42424 


1.27273 


0.63134 


1.12 


1 


0.63134 


10 


391.983 


0.05600 


0.67197 


2.01591 


1 


1.77400 


1.58393 


1 



Forces or Weights per Units op Area, Pressure 

1 dynepersq. centimeter =0.00101979 g/cm^ =0.000466646 poimdals/ln^. 

1 gram per sq. centimeter= 980.5966 dynes/cm> =0.457592 poundals/in>. 

1 poundal persq. inch =2142.95 dynes/cma= 2.18536 g/cm» =0.0310832 pound/in« 



Kilograms 
per 

Sq. Centi- 
meter, 
kg/cm» 



1 
0.07031 
0.04882 
0.97648 
1.03329 

0.0 1360 
0.03453 

0.10 
0.03048 



Pounds 

per 

Sq. Inch, 

lb./in.a 



14.2234 

1 
0.06944 
13.8889 
14.6969 
0.01934 
0.49119 
1.42234 
0.43353 



Pounds 

per 

Sq. Foot, 

lb./ft.a 



2048.17 
144 

1 
2000 
2116.35 
2.78468 
70.7310 
204.817 
62.4283 



Net Tons, 
2000 lbs. 

per 
Sq.Foot 



1.02408 
0.07200 
0.00050 

1 
1.05818 
1.0 1392 
0.03537 
0.10241 
0.03121 



Atmos- 
pheres, 
Standard, 
760 mm 



0.96778 
0.06804 

0.04725 
0.94502 

1 
0.0 1316 
0.03342 
0.09678 
0.02950 



Columns of Mercury, 
Eg. 13.59593 Sp. G. 



MiUi- 
meters 



735.514 
51.7116 
0.35911 
718.216 
760 
1 
25.4001 
73.5514 
22.4185 



Inches 



28.9572 
2.03588 
0.01414 
28.2762 
29.9212 

0.03937 

1 
2.89572 
0.88262 



Columns of Watff. 
Max. Density 4<'C 



Meters 



10 
0.70307 
0.04882 
9.76482 
10.3329 
0.01360 
0.34534 

1 
0.30480 



Feet 



32.8083 
2.30665 
0.01602 
32.0367 
33.0006 
0.04461 
1.13299 
3.28083 
1_ 



Forces or Weights per Units op Volume, Density 

1 dyne per cu. centimeter =0.00101979 gram/cm^ =0.00118528 poundals/ins. 
1 gram per cu. centimeter =980.5966 dynes/cms = 1.162283 ponndals/lji*. 
1 poundal per cu. inch =843.683 dynes/cm8=0.860378g/cm8=0.0310832pound/itf. 



Grams 
per 
Cu. Centi- 
meter, 
g/cm8 



Pounds 

per 

Cu. Inch, 

lb./in.8 



Pounds 

per 

Cu. Foot, 

lb./ft.8 



Pounds 

per 

Cu.Yard, 

lb./yd.8 



Kilograms 

per 

Cu. Meter, 

kg/m8 



Founds 

per 

Bushel, 

U. S. 



Pounds 
per 

Gallon, 
Dry, 
U.S. 



Pounds 

per 
Gallon, 
Liquid, 

U. S. 



KilocnDM 

iHectoIitv, 
kg/hi 



27.6797 
0.01602 
0.05933 

0.001 

0.01287 

0.10297 

0.11983 

0.01 



0.03613 

1 
0.05787 
0.02143 
0.o3613 
0.0 4650 
O.o3720 
0.04329 
0.n3613 



62.4283 
1728 
1 
0.03704 
0.06243 
0.80356 
6.42851 
7.48052 
0.62428 



1685.56 

46656 

27 

1 

1.68556 

21.6962 

173.570 

201.974 

16.8557 



1000 
27679.7 
16.0184 
0.59327 

X 

12.8718 

102.974 

119.826 

10 



77.6893 
2150.42 
1.24446 
0.04609 
0.07769 

1 

8 
9.30920 
0.77689 



9.71116 
268.803 
0.15556 
0.05762 
0.09711 
0.125 

1 
1.16365 
0.09711 



34545 

231 

13368 

04951 

08345 

10742 

85937 

1 
08345 



100 
2767.97 
1.60184 
0.05933 

0.10 

1.28718 

10.2974 

11.9826 

1 



Notations It ot 
2, 3, 4, etc. ciphers. 



0) etc., indicate that the o; o) O) etc., are to 
E XAMPLE— 1 kg/m8 = 0.J3613 = 0.00003613 



be replaced by 
lb./in8. 
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MEASURES AND WEIQI^TS 



EQUIVALENTS OF MEASURE 

Enebgt, Work, Heat 

dyne-oentIm6ter=5i erg=0.00101970 gram-centimeter =0.o787813 foot-iK>uiid. 
gram-06ntimeter= 980.5966 ergs=30.o7233 foot-pound, 
foot-pound =13557300 ergs= 13825.5 gram-centimeters. 



Qlognm- 

meters, 

kg-m 



1 
>. 13826 
J73745 
J70000 
60000 
•67123 
.10198 
07.677 
26.900 



Foot- 

PoundB, 

ft-lbB. 



7.23300 

1 
1980000 
1952910 
2603880 
2655403 
0.73761 
778.104 
3087.77 



Horaepower-hour 



U.S., 
H. P.-h 



0.03653 
0.05051 

1 
0.98632 
1.31509 
1.34111 
0.03725 
0.o3930 
0.01559 



Metric, 
75kg-m-h 



O.o3704 
0.05121 
1.01387 

1 
1.33333 
1.35972 

0.03777 
0.03984 
0.01581 



•Poncelet- 

hours, 
100kg-m-4i 



0.0 2778 
0.03840 
0.76040 
0.75 
1 
1.01979 
0.02833 
0.02988 
0.01186 



Eilowati- 
hours, 
kw-h 



0.02724 
0.03766 

0.74565 
0.73545 
0.98060 

1 
0.o2778 
O.o2930 
0.01163 



Joules, 

107 ergs, 

J-8 



9.80597 
1.35573 
26843401 



ThermalUnita 



B. T. U. 
b. t.a« 



0.09296 
0.01285 
2544.65 



2647610 2509.83 
3530147 3346.44 
3600000(3412.66 

1 
1054.90 
4186.17 



0.09480 

1 
3.96832 



Calorie, 
kg-cal 



0.02342 
0.03239 
641.240 
632.467 
843.289 
859.975 
0.02389 
0.25200 
1 



Power, Rate op Energy and Heat 

erg per secr=»l dyne-cm/sec.»0.00101979 gram-cm/sec. =0.o737012 foot-pounds/sec. 

gram-centimeter per second =980.5966 ergs/sec. =0.o7238 foot-pounds/sec. 
foot-pound per second =13557300 ergs/sec =13825.5 gram-cm/sec. 

Jognun- 
meters 

Second, 
ES-m/s 



1 
.13826 
6.0404 
76 

100 
01.979 
.10198 
07.677 
^6.900 



Foot- 
pounds 

per 
Second, 
ft.-lbs./s 



7.23300 
1 
550 
542.475 
723.300 
737.612 

0.73761 
778.104 
3087.77 



Horsepower 



U.S., 
550 

ft.-]bs./s 



0.01315 

0.01818 

1 
0.98632 
1.31509 
1.34111 

0.01341 
1.41474 
5.61412 



Metnc, 

75 
kg-m/s 



0.01333 
0.01843 
1.01387 

1 
1.33333 
1.35972 

0.01360 
1.43436 
5.69200 



Poncelet, 
100 

kg-m/s 



0.01 
0.01383 
0.76040 

0.75 

1 

1.01979 

0.01020 
1.07577 
4.26900 



Kilowatt, 
kw. 



0.09806 
0.01356 
0.74565 
0.73545 
0.98060 
1 
0.001 
1.05490 
4.18617 



Watts. 
lO^ergs/s 



9.80597 
1.35573 
745.650 
735.448 
980.597 
1000 
1 
1054.90 
4186.17 



ThermalUnita 
per Sec. 



B.T.U. 

btu/s 



0.09296 
0.01285 
0.70685 
0.69718 
0.92957 
0.94796 
0.09480 

1 
3.96832 



Calorie 
kg-cal/s 



0.02342 
0.03237 
0.17812 
0.17569 
0.23425 
0.23888 
0.o2389 
0.25200 
1 



Velocities and Accelerations 

klnesi centimeter per second =0.0328083 foot per second. 

radian per second=:57.2958 degrees per sec.=0.159155 revolutions per sec. 

gravity=980.5966 centimeters per sec, per sec.=32.1717 feet per sec, per sec. 



Meten 

per 
Beoond, 

m/s 



1 
).30480 
».44704 
L61479 
1.27778 



Feet 

per 

Second, 

ft./s 



3.28083 

1 
1.46667 
1.68894 
0.91134 



Miles 
per Hour, 

M/h 



2.23693 
0.68182 

1 
1.15155 
0.62137 



Knots 

per Hour, 

U. S. 



1.94254 
0.59209 
0.86839 

1 
0.53959 



Kilo- 
meters 
Hour, 
km/h 



3.6 

1.09728 

1.60935 

1.85325 

1 



Meter 
per 

dOC/oGC 

m/s* 



0.30480 
0.44704 
0.27778 



Feet 
per 

sec/sec 
ft/sa 



3.28083 

1 
1.46667 
0.91134 



Miles 

per 

hour/sec 

M/h-s 



2.23693 
0.68182 

1 
0.62137 



Kilometer 
^ per 

nour/seo 
km/nHB 



3.6 
1.09728 
1.60935 
1 



Notations o* o* o> etc.. indicate that the u) o> oi etc., are to be replaced by 
3. 4, etc., ciphers. Examples— 1 Calorie— 0.01163=0.001163 kilowatt-hours. 
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MEASURES 


AND 


WEIGHTS 










METRIC CONVERSION TABLES 




Centimeters to Inches — 1 cm==0.3937 In. 







1 


2 


3 


4 


5 


6 7 


8 










0.3937 


0.7874 


1.1811 


1.5748 


1.9685 


2.3622 


2.7559 


3.1496 


3.5433 


1 


3.9370 


4.3307 


4.7244 


5.1181 


5.5118 


5.9055 


6.2992 


6.6929 


7.0866 


7.4803 


2 


7.8740 


8.2677 


8.6614 


9.0551 


9.4488 


9.8425 


10.2362 


10.6299 


11.0236 


11.4173 


3 


11.8110 


12.2047 


12.5984 


12.9921 


13.3858 


13.7795 


14.1732 


14.5669 


14.9806 


15.3543 


4 


15.7480 


16.1417 


16.5354 


16.9291 


17.3228 


17.7165 


18.1102 


18.5039 


18.8976 


19.2913 


5 


19.6850 


20.0787 


20.4724 


20.8661 


21.2598 


21.6535 


22.0472 


22.4409 


22.8346 


23.2283 


6 


23.6220 


24.0157 


24.4094 


24.8031 


25.1968 


25.5905 


25.9842 


26.3779 


26.7716 


27.1653 


7 


27.5590 


27.9527 


28.3464 


28.7401 


29.1338 


29.5275 


29.9212 


30.3149 


30.7086 


31.1023 


8 


31.4960 


31.8897 


32.2834 


32.6771 


33.0708 


33.4645 


33.8582 


34.2519 


34.6456 


35.0393 


9 


35.4330 


35.8267 


36.2204 


36.6141 


37.0078 


37.4015 


37.7952 


38.1889 


38.5826 


38.9763 




Centimeters^ to Inches^ — Icm2=0.i5499969in.2. 


^^4. 
^^^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 





0.1550 


0.3100 


0.4650 


0.6200 


0.7750 


0.9300 


1.0850 


1.2400 


1.3950 


1 


1.5500 


1.7050 


1.8600 


2.0150 


2.1700 


2.3250 


2.4800 


2.6350 


2.7900 


2.9450 


2 


3.1000 


3.2550 


3.4100 


3.5650 


3.7200 


3.8750 


4.0300 


4.1850 


4.3400 


4.4950 


- 3 


4.6500 


4.8050 


4.0600 


6.1150 


5.2700 


5.4250 


5.5800 


5.7350 


5.8900 


6.0450 


4 


6.2000 


6.3550 


6.5100 


6.6650 


6.8200 


6.9750 


7.1300 


7.2850 


7.4400 


7.5950 


5 


7.7500 


7.9050 


8.0600 


8.2150 


8.3700 


8.5250 


8.6800 


8.8350 


8.9900 


9.1450 


6 


0.3000 


9.4550 


9.6100 


9.7650 


9.9200 


10.0750 


10.2300 


10.3850 


10.5400 


10.6950 


7 


10.8500 


11.0050 


11.1600 


11.3150 


11.4700 


11.6250 


11.7800 


11.9350 


12.0900 


12.2450 


8 


12.4000 


12.5550 


12.7100 


12.8650 


13.0200 


13.1750 


13.3300 


13.4850 


13.6400 


13.7950 


9 


13.9500 


14.1050 


14.2600 


14.4150 


14.5700 


14.7250 


14.8800 


15.0350 


15.1900 


15.3460 


Centimeters^ to Inches^ — 1 cm8=o.06i0234 in.^. 







1 


2 


3 


4 


5 


6 


7 


8 


9 







0.06102 


0.12205 


0.18307 


0.24409 


0.30512 


0.36614 


0.42716 


0.48819 


0.54921 


1 


0.61023 


0.67126 


0.73228 


0.79330 


0.85433 


0.91535 


0.97637 


1.03740 


1.09842 


1.15944 


2 


1.22047 


1.28149 


1.34251 


1.40354 


1.46456 


1.52559 


1.58661 


1.64763 


1.70866 


1.76968 


3 


1.83070 


1.89173 


1.95275 


2.01377 


2.07480 


2.13582 


2.19684 


2.25787 


2.31889 


2.37991 


4 


2.44094 


2.50196 


2.56298 


2.62401 


2.68503 


2.74605 


2.80708 


2.86810 


2.92912 


2.99015 


5 


3.05117 


3.11219 


3.17322 


3.23424 


3.29526 


3.35629 


3.41731 


3.47833 


3.53936 


3.60038 


6 


3.66140 


3.72243 


3.78345 


3.84447 


3.90550 


3.96652 


4.02754 


4.08857 


4.14959 


4.21061 


7 


4.27164 


4.33266 


4.39368 


4.45471 


4.51573 


4.57675 


4.63778 


4.69880 


4.75983 


4.82085 


8 


4.88187 


4.94290 


5.00392 


5.064^ 


5.12597 


5.18699 


5.24801 


5.30904 


5.37006 


5.43108 





5.49211 


5.55313 


5.61415 


5.67518 


5.73620 5.79722 


5.85825 


5.91927 


5.98029 


6.04132 


Centimeters* to Inches* — 1 cm*=o.0240249 in.*. 


"5^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 







0.02402 


0.04805 


0.07207 


0.09610 


0.12012 


0.14415 


0.16817 


0.19220 


0.21622 


1 


0.24025 


0.26427 


0.28830 


0.31232 


0.33635 


0.3G037 


0.38440 


0.40842 


0.43245 


0.45647 


2 


0.48050 


0.50452 


0.52855 


0.55257 


0.57660 


0.60062 


0.62465 


0.64867 


0.67270 


0.69672 


3 


0.72075 


0.74477 


0.76880 


0.79282 


0.81685 


0.84087 


0.86490 


0.88892 


0.91295 


0.93697 


4 


0.96100 


0.98502 


1.00905 


1.03307 


1.05710 


1.08112 


1.10515 


1.12917 


1.15320 


1.17722 


5 


1.20125 


1.22527 


1.24930 


1.27332 


1.29734 


1.32137 


1.34539 


1.36942 


1.39344 


1.41747 


6 


1.44149 


1.46552 


1.48954 


1.51357 


1.53759 


1.56162 


1.58564 


1.60967 


1.63369 


1.65772 


7 


1.68174 


1.70577 


1.72979 


1.75382 


1.77784 


1.80187 


1.82589 


1.84992 


1.87394 


1.89797 


8 


1.92199 


1.94602 


1.97004 


1.99407 


2.01809 


2.04212 


2.06614 


2.09017 


2.11419 


2.13822 


9 


2.16224 


2.18627 


2.21029 


2.23432 


2.25834 


2.28237 


2.30639 


2.33042 


2.35444 


2.37847 
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CARNEGIE 


STEEL COMPANY 








METRIC CONVERSION TABLES 




Feet to Meters — 1 ft.=o.3048006 m 


^ 





1 


2 


3 


4 


6 


6 


7 


8 . 1 







0.3048 


0.6096 


0.9144 


1.2192 


1.6240 


1.8288 


2.1336 


2.4384 


2.7432 


1 


3.0480 


3.3528 


3.6576 


3.9624 


4.2672 


4.5720 


4.8768 


6.1816 


6.4864 


5.7912 


2 


6.0960 


6.4008 


6.7056 


7.0104 


7.3152 


7.6200 


7.9248 


8.2296 


8.5344 


8.8392 


3 


9.1440 


9.4488 


9.7536 


10.0584 


10.3632 


10.6680 


10.9728 


11.2776 


11.5824 


11.8872 


4 


12.1920 


12.4968 


12.8016 


13.1064 


13.4112 


13.7160 


14.0208 


14.3266 


14.6304 


14.9352 


5 


15.2400 


15.5448 


15.8496 


16.1544 


16.4592 


16.7640 


17.0688 


17.3736 


17.6784 


17.9832 


6 


18.2880 


18.5928 


18.8976 


19.2024 


19.5072 


19.8120 


20.1168 


20.4216 


20.7264 


21.0312 


7 


21.3360 


21.6408 


21.9456 


22.2504 


22.5552 


22.8600 


23.1648 


23.4696 


23.7744 


24.0792 


8 


24.3840 


24.6888 


24.9936 


25.2984 


25.6033 


25.9081 


26.2129 


26.6177 


26.8225 27.1273 1 


9 


27.4321 


27.7369 


28.0417 


28.3465 


28.6513 128.9561 


29.2609 


29.6667 


29.8705 30.1753 | 


POUNI 


>s PER Foot to Kilograms per Meter — 1 lb. /ft. — 1.488161 kg/m | 


^ 





1 


2 


3 


4 


6 


6 


7 


8 


9 







1.488 


2.976 


4.464 


5.953 


7.441 


8.929 


10.417 


11.905 


13.393 


1 


14.882 


16.370 


17.858 


19.346 


20.834 


22.322 


23.811 


26.299 


26.787 


28J275 


2 


29.763 


31.251 


32.740 


,34.228 


35.716 


37.204 


38.692 


40.180 


41.669 


43.157 


3 


44.645 


46.133 


47.621 


49.109 


60.597 


52.086 


63.674 


56.062 


66.660 


58.038 


4 


59.526 


61.015 


62.503 


63.991 


65.479 


66.967 


68.456 


69.944 


71.432 


72.920 


5 


74.408 


75.896 


77.384 


78.873 


80.361 


81.849 


83.337 


84.826 


86.313 


87.802 


6 


89.290 


90.778 


92.266 


93.754 


95.242 


96.730 


98.219 


99.707 


101.196 


102.683 


7 


104.171 


105.659 


107.148 


108.636 


110.124 


111.612 


113.100 


114.688 


116.077 


117.565 


8 


119.053 


120.541. 


122.029 


123.517 


125.006 


126.494 


127.982 


129.470 


130.968 


132.446 


9 


133.934 


136.423 


136.911 


138.399 


139.887 


141.376 


142.863 


144.362 


146.840 


147.328 


Pound 


•s PER Sq. Inch to Kg. per Sq. Cm. — 1 lb./in.2==o.0703067 kg/cm* | 


^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 







0.07031 


0.14061 


0.21092 


0.28123 


0.35153 


0.42184 


0.49216 


0.66246 


0.63276 


1 


0.70307 


0.77337 


0.84368 


0.91399 


0.98429 


1.05460 


1.12491 


1.19621 


1.26662 


1.33583 


2 


1.40613 


1.47644 


1.54675 


1.61705 


1.68736 


1.75767 


1.82797 


1.89828 


1.96869 


2.03889 


3 


2.10920 


2.17951 


2.24981 


2.32012 


2.39043 


2.46073 


2.53104 


2.60136 


2.67166 


2:74196 


4 


2.81227 


2.88257 


2.95288 


3.02319 


3.09349 


3.16380 


3.23411 


3.30441 


3.37472 


3.44503 


5 


3.51534 


3.68564 


3.65595 


3.72626 


3.79656 


3.86687 


3.93718 


4.00748 


4.07779 


4.14810 


6 


4.21840 


4.28871 


4.35902 


4.42932 


4.49963 


4.56994 


4.64024 


4.71066 


4.78086 


4.85116 


7 


4.92147 


4.99178 


5.06208 


5.13239 


6.20270 


6.27300 


5.34331 


6.41362 


6.48392 


6.55423 


8 


5.62454 


5.69484 


5.76515 


5.83546 


5.90576 


5107607 


6.04638 


6.11668 


6.18699 


6J5730 


9 


6.32760 


6.39791 


6.46822 


6.53852 


6.60883 


6.67914 


6.74944 


6.81976 


6.89006 


6.96036 


Inch- 


Pounds TO Kilogram-Centimeters — 1 in-lb. — 1. 152127 kg-cm ; 


^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 







1.152 


2.304 


3.456 


4.609 


6.761 


6.913 


8.065 


9.217 


10309 


1 


11.521 


12.673 


13.826 


14.978 


16.130 


17.282 


18.434 


19.686 


20.738 


21J90 


2 


23.043 


24.195 


25.347 


26.499 


27.651 


28.803 


29.966 


31.107 


32.260 


33.412 i 


3 


34.564 


35.716 


36.868 


38.020 


39.172 


40.324 


41.477 


42.629 


43.781 


44.933 ! 


4 


46.085 


47.237 


48.389 


49.541 


50.694 


61.846 


62.998 


64.160 


65.302 


66.454 


£ 


57.606 


58.758 


59.911 


61.063 


62.215 


63.367 


64.619 


65.671 


66.823 


67J>75 





69.128 


70.280 


71.432 


72.584 


73.736 


74.888 


76.040 


77.193 


78.345 


79.487 : 


7 


80.649 


81.801 


82.953 


84.105 


85.257 


86.410 


87.562 


88.714 


89.866 


91.018 ' 


8 


92.170 


93.322 


94.474 


95.627 


96.779 


97.931 


99.083 


100.235 


101.387 


102^39 


9 


103.691 


104.844 


105.996 


107.148 


108.300 


109.452 


110.604 


111.766 


112.906 


llAMl 
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MEASURES AND WEIGHTS 



METRIC CONVERSION TABLES 
Meters to Feet — 1 m==3.2808333 ft. 








1 


2 


3 


4 


5 


6 


7 


8 


9 







3.281 


6.562 


9.843 


13.123 


16.404 


19.685 


22.966 


26.247 


29.528 


1 


32.808 


36.089 


39.370 


42.651 


45.932 


49.213 


52.493 


65.774 


69.055 


62.336 


2 


65.617 


68.898 


72.178 


75.459 


78.740 


82.021 


85.302 


88.583 


94.863 


95.144 


3 


98.425 


101.706 


104.987 


108.268 


111.548 


114.829 


118.110 


121.391 


124.672 


127.963 


4 


131.233 


134.514 


137.795 


141.076 


144.357 


147.638 


150.918 


154.199 


157.480 


160.761 


5 


164.042 


167.323 


170.603 


173.884 


177.165 


180.446 


183.727 


187.008 


190.288 


193.569 


6 


196.850 


200.131 


203.412 


206.693 


209.973 


213.254 


216.535 


219.816 


223.097 


226.378 


7 


229.658 


232.939 


236.220 


239.501 


242.782 


246.063 


249.343 


252.624 


255.905 


259.186 


8 


262.467 


265.748 


269.028 


272.309 


275.590 


278.871 


282.152 


285.433 


288.713 


291.994 


9 


295.275 


298.556 


301.837 


305.118 


308.398 


311.679 


314.960 


318.241 


321.522 


324.803 



Kilograms Per Meter to Pounds Per Foot — 1 kg/m==o.67i97 


Ib./ft. 


\% 





1 


2 


3 


4 


5 


6 


t 


8 


9 




1 

2 
3 

4 
5 
6 
7 
8 
9 


6.7197 
13.4394 
20.1691 
26.8788 
33.6985 
40.3182 
47.0379 
53.7576 
60.4773 


0.6720 
7.3917 
14.1114 
20.8311 
27.5508 
34.2705 
40.9902 
47.7099 
64.4296 
61.1493 


1.3439 
8.0636 
14.7833 
21.5030 
28.2227 
34.9424 
41.6621 
48.3818 
55.1015 
61.8212 


2.0159 
8.7356 
15.4553 
22.1750 
28.8947 
35.6144 
42.3341 
49.0538 
55.7735 
62.4932 


2.6879 
9.4076 
16.1273 
22.8470 
29.5667 
36.2864 
43.0061 
49.7258 
56.4455 
63.1652 


3.3599 
10.0796 
16.7993 
23.5190 
30.2387 
36.9584 
43.6781 
50.3978 
57.1175 
63.8372 


4.0318 
10.7515 
17.4712 
24.1909 
30.9106 
37.6303 
44.3500 
51.0697 
57.7894 
64.5091 


4.7038 
11.4235 
18.143^ 
24.8629 
31.5826 
38.3022 
45.0220 
51.7417 
58.4614 
65.1811 


5.3758 
12.0955 
18.8152 
25.5349 
32.2546 
38.9743 
45.6940 
52.4137 
59.1334 
65.8531 


6.0477 
12.7674 
19.4871 
26.2068 
32.9265 
39.6462 
46.3659 
53.0856 
59.8053 
66.5250 



Kg. per Sq. Cm. to Pounds per Sq. Inch — 1 kg/cm2=i4.2234 Ibs./in.^ 



X^ 





1 


2 


3 


4 


5 


6 


7 


8 
113.79 


9 







14.22 


28.45 


42.67 


56.89 


71.12 


85.34 


99.56 


128.01 


1 


142.23 


156.46 


170.68 


184.90 


199.13 


213.35 


227.57 


241.80 


256.02 


270.24 


2 


284.47 


298.69 


312.91 


327.14 


341.36 


355.59 


369.81 


384.03 


398.26 


412.48 


3 


426.70 


440.93 


455.15 


469.37 


483.60 


497.82 


512.04 


526.27 


540.49 


554.71 


4 


668.94 


683.16 


597.38 


611.61 


625.83 


640.05 


654.28 


668.50 


682.72 


696.95 


5 


711.17 


725.39 


739.62 


753.84 


768.06 


782.29 


796.51 


810.73 


824.96 


839.18 


6 


853.40 


867.63 


881.85 


896.07 


910.30 


924.52 


938.74 


952.97 


967.19 


981.41 


7 


995.64 


1009.86 


1024.08 


1038.31 


1052.53 


1066.76 ',1080.98 


1095.20 


1109.43 


1123.65 


8 


1137.87 


1152.10 


1166.32 


1180.54 


1194.77 


1208.99 


1223.21 


1237.44 


1251.66 


1265.88 


9 


1280.11 


1294.33 


1308.55 


1322.78 


1337.00 


1351.221 1365.45! 1379.67 


1393.89 


1408.12 



Kilogram-Centimeters to Inch-Pounds — lkg/cm=o.86796 in./lb. 



^^ 





1 


2 


3 


4 


5 


6 


7 8 ' 9 

1 







0.8680 


1.7359 


2.6039 


3.4718 


4.3398 


5.2078 


6.07571 0.9437 


7.8116 


1 


8.6796 


9.5476 


10.4155 


11.2835 


12.1514 


13.0194 


13.8874 


14.7553 


15.6233 


16.4912 


2 


17.3592 


18.2272 


19.0951 


19.9631 


20.8310 


21.6990 


22.5670 


23.4349 


24.3029 


25.1708 


3 


26.0388 


26.9068 


27.7747 


28.6427 


29.5106 


30.3786 


31.2466 


32.1145 


32.9826 


33.8604 


4 


34.7184 


35.5864 


36.4543 


37.3223 


38.1902 


39.0582 


39.9262 


40.7941 


41.6621 


42.5300 


5 


43.3980 


44.2660 


45.1339 


46.0019 


46.8698 


47.7378 


48.6058 


49.4737 


50.3417 


61.2096 


6 


62.0776 


52.9456 


63.8135 


54.6815 


65.5494 


66.4174 


57.2854 


58.1533 


69.0213 


69.8892 


7 


60.7572 


61.6252 


62.4931 


63.3611 


64.2290 


65.0970 


65.9650 


66.8329 


67.7009 


68.6688 


8 


69.4368 


70.3048 


71.1727 


72.0407 


72.9086 


73.7766 


74.6446 


76.5125 


76.3806 


77.2484 


9 


78.1164 


78.9844 


79.8623 


80.7203 


81.5882 


82.4562 


83.3242 


84.1921 


85.0601 


86.9280 
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CARNEOIE 


STEEL 


COMPANY 










METRIC CONVERSION TABLE 










Inches t 


Millimeters 






39.37 Inches, n 




mBter= 


OOcenti 


■netor.= 




'lochB. 





Wn ; It 


»ifl 


Vi 


■Hs 


9i 1 ^„ 


^ 


000 


1.59 


3.18 


4 78 


6 36 


7 94 


9.53 


1111 








28.58 


30: 16 


31:75 


33:34 








6o!so 








67.16 










76.20 














87:31 






103!l9 


104:7a 


106:36 






iii:i3 


112.71 




127^00 




130.18 


131.76 


133.35 


134.94 


136.53 






162.40 


53.90 






158.75 




161.93 


lasi^i 1 


7 




7B.3fl 


180:98 


182:66 


184,16 


135:74 


187.33 


188,01 1 


S 


2oa!20 




206.38 


207.06 


209.55 


211.14 


212,73 






228.60 
















10 


2S4.00 


55:59 


257.18 


a5&:7fl 


260.36 


261:94 


263:53 


265:11 






280.99 


282.68 


284.18 


286.75 


287.34 


288,93 






304 !sc 










312,74 








330.20 


331^79 




334:96 


330:55 






341:31 




355.60 


357,19 


358:78 


360.36 


361.95 


363:54 




366,71 


15 








386.76 


387.35 


388.94 








406,40 














417,5 




431.80 


433:3B 


434:98 


436:66 




439:74 


441:33 


442,9 


S 




458.7D 


460,38 


461.98 


463,55 


466,14 


486,73 

























50S:00 


50S!6B 


51i:i8 


612.76 


614:35 


5?^M 


517:53 


siai 


21 




534.BB 


536,58 


638.18 


630,75 


541,34 






22 


sssIho 


















684.20 


535:79 










593:73 


595:31 






eil.lD 


612.7H 


614,38 


615,95 


617.54 


619,13 


620.71 


25 


















as 


660.40 


601.98 


663 68 


666 16 


666 75 


668.34 


669,9 


071.51 






687.3D 


888:ea 


6B0:56 


602:15 




896,3 


696.91 


2S 








715.06 


717,56 








26 


736160 


73s: 19 
















762.00 


763.6B 


765: 18 


766:76 


768:36 


769:94 


771:5 


773:11 










7B2.16 


793,76 


95,34 


796.93 




■A2 


812!sD 














823:91 




83S.20 




841 :3S 




844:55 


846: 14 


847:73 


840.31 








866,78 




869,95 


71.64 


873.13 




35 


















3S 


014.40 


915-90 


917.58 


919 16 


920 76 


922.34 


923,93 


925,S! 


is 




906:70 


942,98 


944:58 


946: 16 


047.74 


949,33 




3e 




992.19 












IQOLII 




loialoo 


1017.59 


1019:18 


i020:76 


1022:35 


1023:94 


1025:53 


1027.11 


41 


1041.40 


1042,99 


1044 58 


104&16 


1047.75 


049,34 


10.^0,93 


1052.S1 


42 








1071 :56 


1073.16 




1070,33 


1077.91 




1002.20 


1093.79 


10U5.38 


i09ft,pa 


1098.55 


100: 14 


1101.73 


1103J1 








1120.78 




1123.05 


126,64 


1127,13 


1128.71 


45 


1143.00 


1144,59 




1147.70 








1I54.U 


46 


1168.40 


1160,99 


1171.68 


1173,10 


1174.76 


176.34 


1177-03 


179,M 












1200,16 


201,74 


1203.33 


204.H 








1222:3s 


1223:96 








230,S1 






1246: 1 Q 




1249.36 


1250:B6 




1264: 13 


255.71 


SO 


I270;O0 


1271,69 


1273:18 


1271.76 


1276.35 


277.94 


1279.83 


281.11 



MEASURES AND WEIGHTS 



METRIC CONVERSION TABLE 
Inches to Millimeters 
39.37 inches. U. S. Standard=l meter=100 centimeters=1000 mUlimeters 



Inches 


Va 


%e 


% 


iMe 


% 


me 


% 


me 





12.70 


14.29 


15.88 


17.46 


19.06 


20.64 


22.23 


23.81 


1 


38.10 


39.69 


41.28 


42.86 


44.45 


46.04 


47.63 


49.21 


2 


63.50 


65.09 


66.68 


68.26 


69.86 


71.44 


73.03 


74.61 


3 


88.90 


90.49 


92.08 


93.66 


96.25 


96.84 


98.43 


100.01 


4 


114.30 


115.89 


117.48 


119.06 


120.66 


122.24 


123.83 


125.41 


5 


139.70 


141.29 


142.88 


144.46 


146.05 


147.64 


149.23 


150.81 


6 


165.10 


166.69 


168.28 


169.86 


171.45 


173.04 


174.63 


176.21 


7 


190.50 


192.09 


193.68 


195.26 


196.85 


198.44 


200.03 


201.61 


8 


215.90 


217.49 


219.08 


220.66 


222.25 


223.84 


225.43 


227.01 


9 


241.30 


242.89 


244.48 


246.06 


247.65 


249.24 


25Q.83 


252.41 


10 


266.70 


268.29 


269.88 


271.46 


273.05 


274.64 


276.23 


277.81 


11 


292.10 


293.69 


295.28 


296.86 


298.45 


300.04 


301.63 


303.21 


12 


317.60 


319.09 


320.68 


322.26 


323.86 


326.44 


327.03 


328.61 


13 


342.90 


344.49 


346.08 


347.66 


349.25 


360.84 


362.43 


354.01 


14 


368.30 


369.89 


371.48 


373.06 


374.65 


376.24 


377.83 


379.41 


15 


393.70 


395.29 


396.88 


398.46 


400.05 


401.64 


403.23 


404.81 


16 


419.10 


420.69 


422.28 


423.86 


426.46 


427.04 


428.63 


430.21 


17 


444.50 


446.09 


447.68 


449.26 


460.86 


462.44 


454.03 


456.61 


18 


469.90 


471.49 


473.08 


474.66 


476.26 


477.84 


479.43 


481.01 


19 


495.30 


496.89 


498.48 


500.06 


501.66 


503.24 


604.83 


506.41 


20 


520.70 


522.29 


623.88 


525.46 


527.06 


528.64 


530.23 


531.81 


21 


546.10 


547.69 


549.28 


550.86 


652.45 


654.04 


555.63 


567.21 


22 


571.60 


573.09 


674.68 


676.26 


677.86 


679.44 


581.03 


582.61 


23 


596.90 


598.49 


600.08 


601.66 


603.26 


604.84 


606.43 


608.01 


24 


622.30 


623.89 


625.48 


627.06 


628.66 


630.24 


631.83 


633.41 


25 


647.70 


649.29 


660.88 


662.46 


664.06 


656.64 


657.23 


658.81 


26 


673.10 


674.69 


676.28 


677.86 


679.45 


681.04 


682.63 


684.21 


27 


698.60 


700.09 


701.68 


703.26 


704.85 


706.44 


708.03 


709.61 


28 


723.90 


725.49 


727.08 


728.66 


730.25 


731.84 


733.43 


735.01 


29 


749.30 


750.89 


752.48 


754.06 


755.65 


757.24 


758.83 


760.41 


30 


774.70 


776.29 


777.88 


779.46 


781.05 


782.64 


784.23 


785.81 


31 


800.10 


801.69 


803.28 


804.86 


806.45 


808.04 


809.63 


811.21 


32 


826.50 


827.09 


828.68 


830.26 


831.86 


833.44 


835.03 


836.61 


33 


850.90 


862.49 


864.08 


865.66 


867.25 


868.84 


860.43 


862.01 


34 


876.30 


877.89 


879.48 


881.06 


882.65 


884.24 


885.83 


887.41 


35 


901.70 


903.29 


904.88 


906.46 


908.05 


909.64 


911.23 


912.81 


36 


927.10 


928.69 


930.28 


931.86 


933.45 


935.04 


936.63 


938.21 


37 


962.60 


954.09 


966.68 


957.26 


958.85 


960.44 


962.03 


963.61 


38 


977.90 


979.49 


981.08 


982.66 


984.26 


986.84 


987.43 


989.01 


39 


1003.30 


1004.89 


1006.48 


1008.06 


1009.65 


1011.24 


1012.83 


1014.41 


40 


1028.70 


1030.29 


1031.88 


1033.46 


1035.05 


1036.64 


1038.23 


1039.81 


41 


1054.10 


1055.69 


1067.28 


1058.86 


1060.45 


1062.04 


1063.63 


1065.21 


42 


1079.60 


1081.09 


1082.68 


1084.26 


1085.86 


1087.44 


1089.03 


1090.61 


43 


1104.90 


1106.49 


1108.08 


1109.66 


1111.26 


1112.84 


1114.43 


1116.01 


44 


1130.30 


1131.89 


1133.48 


1136.06 


1136.65 


1138.24 


1139.83 


1141.41 


45 


1155.70 


1157.29 


1168.88 


1160.46 


1162.05 


1163.64 


1165.23 


1166.81 


46 


1181.10 


1182.69 


1184.28 


1185.86 


1187.45 


1189.04 


1190.63 


1192.21 


47 


1206.50 


1208.09 


1209.68 


1211.26 


1212.85 


1214.44 


1216.03 


1217.61 


48 


1231.90 


1233.49 


1236.08 


1236.66 


1238.25 


1239.84 


1241.43 


1243.01 


49 


1257.30 


1258.89 


1260.48 


1262.06 


1263.65 


1266.24 


1266.83 


1268.41 


60 


1282.70 


1284.29 


1285.88 


1287.46 


1289.05 


1290.64 


1292.23 


1293.81 
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CARNEGIE STEEL COMPANY 



METRIC CONVERSION TABLE 
Pounds Avoirdupois to Kilograms 

1 Pound=0.45359 Kilograms , 



Pounds 





1 


2 


3 


4 


6 


6 


7 


8 


9 







0.45 


0.91 


1.36 


1.81 


2.27 


2.72 


3.18 


3.63 


4.08 


1 


4.54 


4.99 


6.44 


5.90 


6.35 


6.80 


7.26 


7.71 


8.16 


8.62 


2 


9.07 


9.53 


9.98 


10.43 


10.89 


11.34 


11.79 


12.25 


12.70 


13.15 


3 


13.61 


14.06 


14.51 


14.97 


15.42 


16.88 


16.33 


16.78 


17.24 


17.69 


4 


18.14 


18.60 


19.06 


19.50 


19.96 


20.41 


20.87 


21.32 


21.77 


22.23 


5 


22.68 


23.13 


23.59 


24.04 


24.49 


24.96 


25.40 


25.86 


26.31 


26.76 


' 6 


27.22 


27.67 


28.12 


28.58 


29.03 


29.48 


29.94 


30.39 


30.84 


31.30 


7 


31.75 


32.21 


32.66 


33.11 


33.57 


34.02 


34.47 


34.93 


36.38 


35.83 


8 


36.29 


36.74 


37.19 


37.65 


38.10 


38.56 


39.01 


39.46 


39.92 


40.37 


9 


40.82 


41.28 


41.73 


42.18 


42.64 


43.09 


43.64 


44.00 


44.45 


44.91 


10 


45.36 


45.81 


46.27 


46.72 


47.17 


47.63 


48.08 


48.53 


48.99 


49.44 


11 


49.90 


50.35 


60.80 


51.26 


61.71 


62.16 


62.62 


63.07 


53.62 


53.98 


12 


54.43 


54.88 


66.34 


65.79 


56.26 


56.70 


67.15 


67.61 


58.06 


58.51 


13 


58.97 


59.42 


59.87 


60.33 


60.78 


61.23 


61.69 


62.14 


62.60 


63.05 


14 


63.50 


63.96 


64.41 


64.86 


65.32 


65.77 


66.22 


66.68 


67.13 


67.59 


15 


68.04 


68.49 


68.95 


69.40 


69.86 


70.31 


70.76 


71.21 


71.67 


72.12 


16 


72.57 


73.03 


73.48 


73.94 


74.39 


74.84 


75.30 


7^.76 


76.20 


76.66 


17 


77.11 


77.56 


78.02 


78.47 


78.93 


79.38 


79.83 


80.29 


80.74 


81.19 


18 


81.65 


82.10 


82.55 


83.01 


83.46 


83.91 


84.37 


84.82 


85.28 


85.73 


19 


86.18 


86.64 


87.09 


87.54 


88.00 


88.45 


88.90 


89.36 


89.81 


90.26 


20 


90.72 


91.17 


91.63 


92.08 


92.63 


92.99 


93.44 


93.89 


94.35 


94.80 


21 


95.25 


95.71 


96.16 


96.62 


97.07 


97.62 


97.98 


98.43 


98.88 


99.34 


22 


99.79 


100.24 


100.70 


101.15 


101.60 


102.06 


102.61 


102.97 


103.42 


103.87 


23 


104.33 


104.78 


105.23 


105.69 


106.14 


106.59 


107.05 


107.60 


107.96 


108.41 


24 


108.86 


109.32 


109.77 


110.22 


110.68 


111.13 


111.68 


112.04 


112.49 


112.94 


25 


113.40 


113.85 


114.31 


114.76 


116.21 


115.67 


116.12 


116.67 


117.03 


117.48 


26 


117.93 


118.39 


118.84 


119.29 


119.75 


120.20 


120.66 


121.11 


121.66 


122.02 


27 


122.47 


122.92 


123.38 


123.83 


124.28 


124.74 


125.19 


125.65 


126.10 


126.55 


28 


127.01 


127.46 


127.91 


128.37 


128.82 


129.27 


129.73 


130.18 


130.63 


131.09 


29 


131.54 


132.00 


132.45 


132.90 


133.36 


133.81 


134.26 


134.72 


135.17 


135.62 


30 


136.08 


136.53 


136.98 


137.44 


137.89 


138.36 


138.80 


139.25 


139.71 


140.16 


31 


140.61 


141.07 


141.52 


141.97 


142.43 


142.88 


143.34 


143.79 


144.24 


144.70 


32 


145.15 


145.60 


146.06 


146.51 


146.96 


147.42 


147.87 


148.32 


148.78 


149.23 


33 


149.69 


150.14 


150.59 


151.05 


151.50 


151.95 


152.41 


152.86 


163.31 


153.77 


34 


154.22 


154.68 


155.13 


155.58 


150.04 


156.49 


156.94 


157.40 


167.85 


158.30 


35 


168.76 


159.21 


169.66 


160.12 


160.57 


161.03 


161.48 


161.93 


162.39 


162.84 


36 


163.29 


163.75 


164.20 


164.65 


165.11 


1'65.56 


166.01 


166.47 


166.92 


167.38 


37 


167.83 


168.28 


168.74 


169.19 


169.64 


170.10 


170.65 


171.00 


171.46 


171.91 


38 


172.37 


172.82 


173.27 


173.73 


174.18 


174.63 


175.09 


175.54 


175.99 


176.45 


39 


176.90 


177.35 


177.81 


178.20 


178.72 


179.17 


179.62 


180.08 


180.53 


180.98 


40 


181.44 


181.89 


182.34 


182.80 


183.25 


183.70 


184.16 


184.61 


185.07 


185.52 


41 


185.97 


186.43 


186.88 


187.33 


187.79 


188.24 


188.69 


189.15 


189.60 


190.06 


42 


190.51 


190.96 


191.42 


191.87 


192.32 


192.78 


193.23 


193.68 


194.14 


194.59 


43 


195.04 


195.50 


195.95 


196.41 


190.80 


197.31 


197.77 


198.22 


198.67 


199.13 


44 


199.58 


200.03 


200.49 


200.94 


201.40 


201.85 


202.30 


202.76 


203.21 


203.66 


45 


204.12 


204.57 


205.02 


206.48 


205.93 


206.38 


206.84 


207.29 


207.76 


208.20 


46 


208.65 


209.11 


209.56 


210.01 


210.47 


210.92 


211.37 


211.83 


212.28 


212.73 


47 


213.19 


213.64 


214.10 


214.55 


215.00 


216.46 


216.91 


216.36 


216.82 


217.27 


48 


217.72 


218.18 


218.63 


219.09 


219.54 


219.99 


220.45 


220.90 


221.35 


221.81 


49 


222.26 


222.71 


223.17 


223.62 


224.07 


224.63 


224.98 


225.44 


225.89 


226.34 
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MEASURES AND WEIGHTS 



METRIC CONVERSION TABLE 
Pounds Avoirdupois to Kilograms 



1 Pound=0.45359 Kilograms 



Pounds 





1 


2 


50 


226.80 


227.25 


227.70 


51 


231.33 


231.79 


232.24 


52 


235.87 


236.32 


236.78 


53 


240.40 


240.86 


241.31 


54 


244.94 


245.39 


245.85 


55 


249.48 


249.93 


260.38 


56 


264.01 


254.47 


264.92 


57 


258.55 


259.00 


259.45 


58 


263.08 


263.64 


263.99 


59 


267.62 


268.07 


268.53 


60 


272.16 


272.61 


273.06 


61 


276.69 


277.14 


277.60 


62 


281.23 


281.68 


282.13 


63 


286.76 


286.22 


286.67 


64 


290.30 


290.75 


291.21 


65 


294.84 


296.29 


295.74 


66 


299.37 


299.82 


300.28 


67 


303.91 


304.36 


304.81 


68 


308.44 


308.90 


309.35 


69 


312.98 


313.43 


313.89 


70 


317.51 


317.97 


318.42 


71 


322.06 


322.60 


322.96 


72 


326.59 


327.04 


327.49 


73 


331.12 


331.68 


332.03 


74 


335.66 


336.11 


336.57 


75 


340.19 


340.65 


341.10 


76 


344.73 


345.18 


346.64 


77 


349.27 


349.72 


350.17 


78 


353.80 


354.26 


354.71 


79 


358.34 


358.79 


359.25 


80 


362.87 


363.33 


363.78 


81 


367.41 


367.86 


368.32 


82 


371.95 


372.40 


372.85 


83 


376.48 


376.94 


377.39 


84 


381.02 


381.47 


381.92 


85 


385.55 


386.01 


386.46 


86 


390.09 


390.54 


391.00 


87 


394.63 


395.08 


395.53 


88 


399.16 


399.61 


400.07 


89 


403.78 


^04.15 


404.60 


90 


408.23 


408.69 


409.14 


91 


412.77 


413.22 


413.68 


92 


417.31 


417.76 


418.21 


93 


421.84 


422.29 


422.75 


94 


426.38 


426.83 


427.28 


95 


430.91 


431.37 


431.82 


96 


436.46 


436.90 


436.36 


97 


439.98 


440.44 


440.89 


98 


444.62 


444.97 


446.43 


99 


449.06 


449.61 


449.96 



228.16 
232.69 
237.23 
241.76 
246.30 
260.84 

265.37 
259.91 
264.44 
268.98 
273.52 

278.06 
282.59 
287.12 
291.66 
296.20 

300.73 
305.27 
309.80 
314.34 
318.88 

323.41 
327.95 
332.48 
337.02 
341.56 

346.09 
350.63 
355.16 
359.70 
364.23 

368.77 
373.31 
377.84 
382.33 
386.91 

391.45 
395.99 
400.52 
405.06 
409.59 

414.13 
418.67 
423.20 
427.74 
432.27 

436.81 
441.35 
445.88 
460.42 



228.61 
233.15 
237.68 
242.22 
246.75 
261.29 

266.83 
260.36 
264.90 
269.43 
273.97 

278.61 
283.04 
287.58 
292.11 
296.65 

301.19 
305.72 
310.26 
314.79 
319.33 

323.86 
328.40 
332.94 
337.47 
342.01 

346.64 

351.08 

355.6 

360.1 

364.69 

369.22 
373.76 
378.30 
382.83 
387.37 

391.90 
396.44 
400.98 
405.51 
410.05 

414.58 
419.12 
423.66 
428.19 
432.73 

437.26 
441.80 
446.33 
460.87 



229.06 
233.60 
238.14 
242.67 
247.21 
251.74 

266.28 
260.82 
265.35 
269.89 
274.42 

278.96 
283.50 
288.03 
292.57 
297.10 

301.64 
306.17 
310.71 
315.25 
319.78 

324.32 
328.85 
333.39 
337.93 
342.46 

347.00 
351.53 
356.07 
360.61 
365.14 

369.68 
374.21 
378.75 
383.29 
387.82 

392.36 
396.89 
401.43 
405.97 
410.50 

415.14 
419.57 
424.11 
428.64 
433.18 

437.72 
442.25 
446.79 
451.32 



6 



229.62 
234.05 
238.69 
243.13 
247.66 
262.20 

266.73 
261.27 
266.81 
270.34 

274.88 

279.41 
283.96 
288.48 
293.02 
297.66 

302.09 
306.63 
311.16 
315.70 
320.24 

324.77 
329.31 
333.84 
338.38 
342.92 

347.45 
351.99 
356.52 
361.06 
365.60 

370.13 
374.67 
379.20 
383.74 
388.28 

392.81 
397.35 
401.88 
406.42 
410.95 

415.49 
420.03 
424.56 
429.10 
433.63 

438.17 
442.71 
447.24 
461.78 



8 



229.97 
234.61 
239.04 
243.68 
248.12 
262.66 

267.19 
261.72 
266.26 
270.79 
275.33 

279.87 
284.40 
288.94 
293.47 
298.01 

302.55 
307.08 
311.62 
316.15 
320.69 

325.23 
329.76 
334.30 
338.83 
343.37 

347.91 
352.44 
356.98 
361.51 
366.05 

370.69 
375.12 
379.66 
384.19 
388.73 

393.26 
397.80 
402.34 
406.87 
411.41 

416.94 
420.48 
425.02 
429.55 
434.09 

438.62 
443.16 
447.70 
452.23 



230.42 
234.96 
239.60 
244.03 
248.57 
263.10 

267.64 
262.18 
266.71 
271.26 
276.78 

280.32 
284.86 
289.39 
293.93 
298.46 

303.00 
307.64 
312.07 
316.61 
321.14 

326.68 
330.22 
334.75 
339.29 
343.82 

348.36 
352.89 
357.43 
361.97 
366.50 

371.04 
375.57 
380.11 
384.65 
389.18 

393.72 
398.25 
402.79 
407.33 
411.86 

416.40 
420.93 
425.47 
430.01 
434.64 

439.08 
443.61 
448.16 
462.69 



9 



230.88 
235.41 
239.95 
244.49 
249.02 
253.66 

268.09 
262.63 
267.17 
271.70 
276.24 

280.77 
285.31 
289.85 
294.38 
298.92 

303.46 
307.99 
312.63 
317.06 
321.60 

326.13 
330.67 
335.20 
339.74 
344.28 

348.81 
353.36 
357.88 
362.42 
366.96 

371.49 
376.03 
380.56 
385.10 
389.64 

394.17 
398.71 
403.24 
407.78 
412.32 

416.86 
42J.39 
425.92 
430.46 
436.00 

439.53 
444.07 
448.60 
463.14 
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MENSURATION TABLES 



AREA OF PLANE FIGURES 



FsridMoi^'uii : 



Circle: 

SMtor of Circle: 



Base X ^ perpendicular he^t. 
l^sCB-aJ (B-b) (s— c), 

»^} i sum of the three sides a, b and c. 
Sum of area of the two triaDgles. 
^ Hum of parallel sides x perpendicular height. 
Base I perpendicular height. 
]/i sum of udes x inside radius. 
IT r^ = 0.78540 X dia.' ^ O.orasa x circumference'. 



= 0.0087266 r^A" = arc X }^ radius. 



\ 180 






ireaandKlai side = diameter x 0.88023 

Long diameter x short diameter x O.TSeio 
Baae x % perpendicular height. 

Irresnbr plane Nrface. ' 




Divide aDy plane surface A, B, C, D, along a line a-b into an even 
number, n, of parallel and sufficiently small strips, d, whose ordinates 

are hi, hs, hs, lu, bs ho—i, ho, hn+i, and conmdering contours 

between three ordinatea as parabolic curves, then for section ABCD, 
Area=|-[hi+hn+i+4(ha+h«+h«. . .+hn)+2 (ha+hB+h,. . .+h,ui)] 
or, approximately. Area ^ Sum of ordinates x width, d. 



CARNEQIB STEEL COMPANY 



TRIGONOMETRIC FORMULAS 
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MENSURATION TABLES 



TRIGONOMETRIC SOLUTION OF TRIANGLES 





Oiven 



Sought 



Formulae 



Right-Angled Triangles 



a, c 


A, B. b 


sin A — |. 


cos 




b — ■/ c3 - a2 




Area 


Area =|-V^'-*' 




A. B, c 


tan A = -^, 


tan B — „ . 




a. b 


c = ^ a2 + bi« 




Area 


ab 
Area — g 


A. a 


B, b, c 


B = 90*'-A, 




b — acot A, 


a 


^ '- sin A 




Area 


a3 cot A 
Area — g 








A.b 


B, a, c 


B — 90*'-A, 




a — b tan A, 


b 


^ cos A 




Area 


Area— ^if^ 








A.c 


B. a. b 


B — 90**— A, 




a= csin A, 


b = c cos A 




Area 


. c2 sin A 
Area — g" 


cos 


A c2 sin 2 A 
or 4 





Oblique-Angled Triangles 



a. b, c 



a. A, B 



C 



Area 



b, c 



Area 



BiniA= \IJt^J^,co8 U= \/l^,tanU= \/i5:^)i2^ 
^ b c ^ DC ^ B (s-a) 



BiniB= -^/Cs-aJCa^) og^B= \/li2l^,taii JB= XJS^^) (^} 
^ ac ^ ac M a (s-b) 



rinic= -y/is^l^.c<«ic= -y/iitgL.t.nic= yi^^ 



Area = |/ s (s-a) (s-b) (s-c) 



b = 



a sin B 
sin A 



c = 



a sin C 
sin A 



a sin (A + B) 
sin A 



A , 1- . ^ a* sin B s in C 
Area =iabsm C = 2 sin A 



a. b. A 



sinB = 



b sin A 



c = 



a sin C 
sin A 



bsin C 
SinB 



= |/ aa + b2-2 ab cos C 



Area 



Area = J a b sin C 



k, l>. o 



tan A 



a sin C 
b-a cos C • 



a-b 
tan i (A-B) = ^^^^ cot i C 



= •/ aa + ba-2 ab cos C 



a sin C 
sin A 



Area 



Area = i ab sin C 



a* = b* + c2— 2bc cos A, b2=a2 + c2— 2 a c cos B. c^ = aa + ba— 2 ab cosO 
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ABSmL QW gTraCTTT.Jtg^ 



mti'T^v; 










:«x 



2>XJ 



jf vsxcie 



'If 



IIL29 





Krito 

if k. 



'xlven: rise. '"i. ami idfclBKii, <£. 

•ncdflmeni; {iven oppante tdu> qpotaaot i 

InceEzneuiue t»«ifficieixt&for valDBBoC — ^ 

c 

In 'labies ui9 obtained by imxEpoiaExoii, 
Essunpie —GtvHii: rise=L40aiMiciuaRl=Xa2» 

> ' W 



Clreiiiar 



TWUftO. 



Given: ris*;, b, ami (iiameter. <i=:2t: 
.Vx>ia=:i<4LLajre of <iiainei»r. d*. mxdtijfBBA bj ike 

coeflBcienc ^ven oppociite the quotiCBXc of-?-. 

:n "abie» are obtaineu by i nte rp u iaJaon^ 
Zxample- Given: ribe=2T'i« and diamettr^^oii^ 

-jl =2T'u - .3%2 =0.478528. 

Cofcfflcienc by incerpoiauon =0.371233i. 
Area=ds! xcoeff. == 25.94629 s 0.37X233=: 9.611. 




Cirealar Zcmm^ titwT 

>\reai=area oi circle — (arw of segment, t p u H 

Circular Lous, nip it* 
AreaE=s«({xnent, m p n — segment, m s n. 
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MENSURATION TABLES 



AREAS OF CIRCULAR SEGMENTS 
Table 1 — Fob Ratios of Rise and Chord 




* 



aW 








Area=»Cxb 


X coefficient 










Coeffi- 


b 


A** 


Coeffi- 


b 


A° 


Coeffi- 


b 


A** 


Coeffi- 


• b 


r/ 


cient 


C 


cient 


^ 


cient 


•^ 


cient 


0" 


-6667 


.0022 


46 


.6722 


.1017 


91 


.6895 


.2097 


136 


.7239 


.3373 


f -C667 


.0044 


47 


.6724 


.1040 


92 


.6901 


.2122 


137 


.7249 


.3404 


V -C667 


.0066 


48 


.6727 


.1063 


93 


.6906 


.2148 


138 


.7260 


.3436 


/ •C667 


.0087 


49 


.6729 


.1086 


94 


.6912 


.2174 


139 


.7270 


.3469 


-«667 


.0109 


50 


.6732 


.1109 


95 


.6918 


.2200 


140 


.7281 


.3501 


-C667 


.0131 


51 


.6734 


.1131 


96 


.6924 


.2226 


141 


.7292 


.3534 


«C668 


.0153 


52 


.6737 


.1154 


97 


.6930 


.2252 


142 


.7303 


.3567 


««668 


.0175 


53 


.6740 


.1177 


98 


.6936 


.2279 


143 


.7314 


.3600 


.«669 


.0197 


54 


.6743 


.1200 


99 


.6942 


.2305 


144 


.7325 


.3633 


i -6670 


.0218 


55 


.6746 


.1224 


100 


.6948 


.2332 


146 


.7336 


.3666 


i •6670 


.0240 


56 


.6749 


.1247 


101 


.6954 


.2358 


146 


.7348 


.3700 


I ^6671 


.0262 


67 


.6752 


.1270 


102 


.6961 


.2385 


147 


.7360 


.3734 


• -6672 


.0284 


58 


.6755 


.1293 


103 


.6967 


.2412 


148 


.7372 


.3768 


-6672 


.0306 


69 


.6758 


.1316 


104 


.6974 


.2439 


149 


.7384 


.3802 


•6673 


.0328 


60 


.6761 


.1340 


105 


.6980 


.2466 


150 


.7396 


.3837 


-6674 


.0350 


61 


.6764 


.1363 


106 


.6987 


.2493 


151 


.7408 


.3871 


-6674 


.0372 


62 


.6768 


.1387 


107 


.6994 


.2520 


152 


.7421 


.3906 


-6676 


.0394 


63 


.6771 


.1410 


108 


.7001 


.2548 


153 


.7434 


.3942 


-6676 


.0416 


64 


.6775 


.1434 


109 


.7008 


.2575 


154 


.7447 


.3977 


1 -6677 


.0437 


66 


.6779 


.1457 


110 


.7015 


.2603 


156 


.7460 


.4013 


, -6678 


.0459 


66 


.6782 


.1481 


111 


.7022 


.2631 


156 


.7473 


.4049 


1 -6679 


.0481 


67 


.6786 


.1505 


112 


.7030 


.2659 


157 


.7486 


.4085 


-6680 


.0504 


68 


.6790 


.1529 


113 


.7037 
.7045 


.2687 


158 


.7500 


.4122 


-6681 


.0526 


69 


.6794 


.1553 


114 


.2715 


159 


.7514 


.4159 


' -6682 


.0548 


70 


.6797 


.1577 


115 


.7052 


.2743 


160 


.7528 


.4196 


\ \ -6684 
I 1 ,6685 
J ,6687 
S \ -6688 
^ \ .6690 


.0570 


71 


.6801 


.1601 


116 


.7060 


.2772 


161 


.7542 


.4233 


.0592 


72 


.6805 


.1625 


117 


.7068 


.2800 


162 


.7557 


.4270 


.0614 


73 


.6809 


.1649 


118 


.7076 


.2829 


163 


.7571 


.4308 


.0636 


74 


.6814 


.1673 


119 


.7084 


.2858 


164 


.7586 


.4346 


.0658 


75 


.6818 


.1697 


120 


.7092 


.2887 


166 


.7601 


.4385 


i .6691 
g .6693 


.0681 


76 


.6822 


.1722 


121 


.7100 


.2916 


166 


.7616 


.4424 


.0703 


77 


.6826 


.1746 


122 


.7109 


.2945 


167 


.7632 


.4463 


.0725 


78 


.6831 


.1771 


123 


.7117 


.2975 


168 


.7648 


.4502 


«4 


.6696 


.0747 


79 


.6835 


.1795 


124 


.7126 


.3004 


169 


.7664 


.4542 


35 


.6698 


.0770 


80 


.6840 


.1820 


125 


.7134 


.3034 


170 


.7680 


.4582 


36 


.6700 


.0792 


81 


.6844 


.1845 


126 


.7143 


.3064 


171 


.7696 


.4622 


37 


.6762 


.0814 


82 


.6849 


.1869 


127 


.7152 


.3094 


172 


.7712 


.4663 


38 


.6704 


.0837 


83 


.6854 


.1894 


128 


.7161 


.3124 


173 


.7729 


.4704 


39 


.6706 


.0859 


84 


.6859 


.1919 


129 


.7170 


.3155 


174 


.7746 


.4745 


40 .6708 


.0882 


85 


.6864 


.1944 


130 


.7180 


.3185 


176 


.7763 


.4787 


41 .6710 


.0904 


86 


.6869 


.1970 


131 


.7189 


.3216 


176 


.7781 


.4828 


42 .6712 


.0927 


87 


.6874 


.1995 


132 


.7199 


.3247 


177 


.7799 


.4871 


43 .6714 


.0949 


88 


.6879 


.2020 


133 


.7209 


.3278 


178 


.7817 


.4914 


44 -6717 


.0972 


89 


.6884 


.2046 


134 


.7219 


.3309 


179 


.7836 


.4957 


45 


.6719 


.0995 


90 


.6890 


.2071 


135 


.7229 


.3341 


180 


.7854 


.5000 
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AREAS OF 


CIRCULAR SEGMENTS 




Table II, fob Ratios of Rise and Diametbb 

/ \ 1 


« 




f- 


Diameter, d 


=^" 


-y 








Area=da x Coefficient 






b 


Coefficient 


b 


Coefficient 


b 
T 


Coefficiait 


b 


Coefficient 


b 
T 


Coeffieieot 


.001 


.000042 


.051 


.015119 


.101 


.041477 


.161 


.074690 


.201 


.112625 




.002 


.000119 


.052 


.015561 


.102 


.042081 


.162 


.076307 


.202 


.113427 


.003 


.000219 


.053 


.016008 


.103 


.042687 


.153 


.076026 


.203 


.114231 


.004 


.000337 


.054 


.016458 


.104 


.043296 


.164 


.076747 


.204 


.116036 


.005 


.000471 


.055 


.016912 


.105 


.043908 


.166 


.077470 


.206 


.115842 


.006 


.000619 


.056 


.017369 


.106 


.044523 


.166 


.078194 


.206 


.116651 : 


.007 


.000779 


.057 


.017831 


.107 


.045140 


.167 


.078921 


.207 


.117460 


.008 


.000952 


.058 


.018297 


.108 


.045759 


.158 


.079660 


.208 


.118271 


.009 


.001135 


.059 


.018766 


.109 


.046381 


.169 


.080380 


.209 


.119084 , 


.019 


.001329 


.060 


.019239 


.110 


.047006 


.160 


.081112 


.210 


.119898 i 


.011 


.001533 


.061 


.019716 


.111 


.047633 


.161 


.081847 


.211 


.120713 


.012 


.001746 


.062 


.020197 


.112 


.048262 


.162 


.082682 


.212 


.121530 


.013 


.001969 


.063 


.020681 


.113 


.048894 


.163 


.083320 


.213 


.122348 


.014 


.002199 


.064 


.021168 


.114 


.049529 


.164 


.084060 


.214 


.123167 


.016 


.002438 


.065 


.021660 


.115 


.050165 


.166 


.084801 


.216 


.123988 


.016 


.002685 


.066 


.022155 


.116 


.050805 


.166 


.086646 


.216 


.124811 
.125634 \ 


.017 


.002940 


.067 


.022653 


.117 


.051446 


.167 


.086290 


.217 


.018 


.003202 


.068 


.023155 


.118 


.062090 


.168 


.087037 


.218 


.126459 1 


.019 


.003472 


.069 


.023660 


.119 


.052737 


.169 


.087785 


.219 


.127286 


.020 


.003749 


.070 


.024168 


.120 


.053385 


.170 


.088636 


.220 


.128114 


.021 


.004032 


.071 


.024680 


.121 


.054037 


.171 


.089288 


.221 


.128943 




.022 


.004322 


.072 


.025196 


.122 


.054690 


.172 


.090042 


.222 


.129773 




.023 


.004619 


.073 


.025714 


.123 


.055346 


.173 


.090797 


.223 


.130605 ! 


.024 


.004922 


.074 


.026236 


.124 


.056004 


.174 


.091556 


.224 


.131438 1 


.025 


.005231 


.075 


.026761 


.125 


.056664 


.176 


.092314 


.225 


.132273 ' 


.026 


.005546 


.076 


.027290 


.126 


.057327 


.176 


.093074 


.226 


.133109 


.027 


.005867 


.077 


.027821 


.127 


.057991 


.17V 


.093837 


.227 


.133946 




.028 


.006194 


.078 


.028356 


.128 


.068658 


.178 


.094601 


.228 


.134784 




.029 


.006527 


.079 


.028894 


.129 


.059328 


.179 


.096367 


.229 


.135624 




.030 


.006866 


.080 


.029435 


.130 


.059999 


.180 


.096136 


.230 


.136465 




.031 


.007209 


.081 


.029979 


.131 


.060673 


.181 


.096904 


.231 


.137307 


.032 


.007559 


.082 


.030526 


.132 


.061349 


.182 


.097676 


.232 


.138151 


.033 


.007913 


.083 


.031077 


.133 


.062027 


.183 


.098447 


.233 


.138996 i 


.034 


.008273 


.084 


.031630 


.134 


.062707 


.184 


.099221 


.234 


.139842 




.035 


.008638 


.085 


.032186 


.135 


.063389 


.185 


.099997 


.236 


.140689 




.036 


.009008 


.086 


.032746 


.136 


.064074 


.186 


.100774 


.236 


•14^551 




.037 


.009383 


.087 


.033308 


.137 


.064761 


.187 


.101663 


.237 


•1*^ 




.038 


.009764 


.088 


.033873 


.138 


.065449 


.188 


.102334 


.238 


.143239 




.039 


.010148 


.089 


.034441 


.139 


.066140 


.189 


.103116 


.239 


.144091 


.040 


.010538 


.090 


.035012 


.140 


.066833 


.190 


.103900 


.240 


.144945 


.041 


.010932 


.091 


.035586 


.141 


.067628 


.191 


.104686 


.241 


.146800 


.042 


.011331 


.092 


.036162 


.142 


.068225 


.192 


.106472 


.242 


.146656 1 


.043 


.011734 


.093 


.036742 


.143 


.068924 


.193 


.106261 


.243 


.147513 


.044 


.012142 


.094 


.037324 


.144 


.069626 


.194 


.107051 


.244 


.148371 


.045 


.012555 


.095 


.037909 


.145 


.070329 


.195 


.107843 


.246 


.149231 ', 


.046 


.012971 


.096 


.038497 


.146 


.071034 


.196 


.103636 


.246 


.160091 


.047 


.013393 


.097 


.039087 


.147 


.071741 


.197 


.109431 


.247 


.160953 


.048 


.013818 


.098 


.039681 


.148 


.072450 


.198 


.110227 


.248 


.151816 


.049 


.014248 


.099 


.040277 


.149 


.073162 


.199 


.111025 


.249 


.162681 , 


.050 


.014681 


.100 


.040875 


.150 


.073875 


.200 


.111824 


.260 


.153546 


1 

-J 
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MENSURATION TABLES 



AREAS OF CIRCULAR SEGMENTS 
Table II, Fob Ratios of Rise and Diameter — Concluded 










Area=d3 


X coefficient 








b 
d 


Coefficient 


b 
d 


Coefficient 


b 
d 


Coefficient 


b 
d 


Coefficient 


b 
d 


Coefficient 


.251 


.154413 


.301 


.199086 


.361 


.246936 


.401 


.294360 


.451 


.343778 


.252 


.155281 


.302 


.200003 


.362 


.246890 


.402 


.296330 


.462 


.344773 


.253 


.156149 


.303 


.200922 


.363 


.247846 


.403 


.296311 


.463 


.345768 


.254 


.157019 


.304 


.201841 


.364 


.248801 


.404 


.297292 


.454 


.346764 


.255 


.167891 


.306 


.202762 


;355 


.249768 


.406 


.298274 


.466 


.347760 


.256 


.158763 


.306 


.203683 


.366 


.260716 


.406 


.299256 


.466 


.348756 


.257 


.169636 


.307 


.204606 


.367 


.261673 


.407 


.300238 


.467 


.349752 


.258 


.160611 


.308 


.206628 


.368 


.262632 


.408 


.301221 


.468 


.350749 


.259 


.161386 


.309 


.206462 


.369 


.263691 


.409 


.302204 


.459 


.361746 


.260 


.162263 


.310 


.207376 


.360 


.264661 


.410 


.303187 


.460 


.352742 


.261 


.163141 


.311 


.208302 


.361 


.266511 


.411 


.304171 


.461 


.363739 


.262 


.164020 


.312 


.209228 


.362 


.266472 


.412 


.305156 


.462 


.354736 


.263 


.164900 


.313 


.210166 


.363 


.267433 


.413 


.306140 


.463 


.366733 


.264 


.166781 


.314 


.211083 


.364 


.268396 


.414 


.307125 


.464 


.356730 


.265 


.166663 


.315 


.212011 


.365 


.269358 


.416 


.308110 


.465 


.357728 


.266 


.167646 


.316 


.212941 


.366 


.260321 


.416 


.309096 


.466 


.358726 


.267 


.168431 


.317 


.213871 


.367 


.261285 


.417 


.310082 


.467 


.359723 


.268 


.169316 


.318 


.214802 


.368 


.262249 


.418 


.311068 


.468 


.360721 


.269 


.170202 


.319 


.216734 


.369 


.263214 


.419 


.312065 


.469 


.361719 


.270 


.171090 


.320 


.216666 


.370 


.264179 


.420 


.313042 


.470 


.362717 


.271 


.171978 


.321 


.217600 


.371 


.266146 


.421 


.314029 


.471 


.363716 


.272 


.172868 


.322 


.218634 


.372 


.266111 


.422 


.316017 


.472 


.364714 


.273 


.173758 


.323 


.219469 


.373 


.267078 


.423 


.316006 


.473 


.365712 


.274 


.174660 


.324 


.220404 


.374 


.268046 


.424 


.316993 


.474 


.366711 


.275 


.176642 


.326 


.221341 


.376 


.269014 


.425 


.317981 


.475 


.367710 


.276 


.176436 


.326 


.222278 


.376 


.269982 


.426 


.318970 


.476 


.368708 


.277 


.177330 


.327 


.223216 


.377 


.270961 


.427 


.319959 


.477 


.369707 


.278 


.178226 


.328 


.224154 


.378 


.271921 


.428 


.320949 


.478 


.370706 


.279 


.179122 


.329 


.225094 


.379 


.272891 


.429 


.321938 


.479 


.371706 


.280 


.180020 


.330 


.226034 


.380 


.273861 


.430 


.322928 


.480 


.372704 


.281 


.180918 


.331 


.226974 


.381 


.274832 


.431 


.323919 


.481 


.373704 


.282 


.181818 


.332 


.227916 


.382 


.275804 


.432 


.324909 


.482 


.374703 


.283 


.182718 


.333 


.228858 


.383 


.276776 


.433 


.325900 


.483 


.375702 


.284 


.183619 


.334 


.229801 


.384 


.277748 


.434 


.326891 


.484 


.376702 


.285 


.184622 


.336 


.230745 


.385 


.278721 


.435 


.327883 


.486 


.377701 


.286 


.186426 


.336 


.231689 


.386 


.279696 


.436 


.328874 


.486 


.378701 


.287 


.186329 


.337 


.232634 


.387 


.280669 


.437 


.329866 


.487 


.379701 


.288 


.187236 


.338 


.233580 


.388 


.281643 


.438 


.330858 


.488 


.380700 


.289 


.188141 


.339 


.234526 


.389 


.282618 


.439 


.331861 


.489 


.381700 


.290 


.189048 


.340 


.235473 


.390 


.283593 


.440 


.332843 


.490 


.382700 


.291 


.189966 


.341 


.236421 


.391 


.284569 


.441 


.333836 


.491 


.383700 


.292 


.190866 


.342 


.237369 


.392 


.285546 


.442 


.334829 


.492 


.384699 


.293 


.191774 


.343 


.238319 


.393 


.286521 


.443 


.335823 


.493 


.386699 


.294 


.192686 


.344 


.239268 


.394 


.287499 


.444 


.336816 


.494 


.386699 


.295 


.193697 


.346 


.240219 


.396 


.288476 


.445 


.337810 


.496 


.387699 


.296 


.194609 


.346 


.241170 


.396 


.289464 


.446 


.338804 


.496 


.388699 


.297 


.196423 


.347 


.242122 


.397 


.290432 


.447 


.339799 


.497 


.389699 


.298 


.196337 


.348 


.243074 


.398 


..291411 


.448 


.340793 


.498 


.390699 


.299 


.197262 


.349 


.244027 


.399 


.292390 


.449 


.341788 


.499 


.391699 


.300 


.198168 


.360 


.244980 


.400 


.293370 


.450 


[ ,a4:TT«i 


^ .^^5Ki 


^ .'^^^^'^fb 
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SURFACE AND VOLUME OF SOLmS 
S=Latebal oe Convex Surface. V=VoiiUME 




Parallelopiped 

s S=perimeter, P, perp. to sides xlat. length. 1: PI 

V=area of base, B x perpendicular height, h: Bh 

V=area of section, A, perp. to sides x lat. length, 1 : Al 

,, Prism, Kisrht or Oblique, R^nilar or Irresrukur 

S=perlmeter, P, perp. to sides x lat. length, 1: PI 

7v V=area of base, B x perpendicular height, h: Bh 

V=area of section, A, perp. to sides x lat. length, 1 : Al 



Cylinder, Risrht or Oblique, Circular or Elliptic, etc 

S =perimeter of base, C x perp. height, h : Ch 

S=perlmeter, P, perp. to sides xlat. length. 1: PI 

V=area of base. B x perpendicular height, h: Bh 

V=area of section. A, perp. to sides x lat. length, 1 : Al 



Frustum of any Prism or Cylinder 

V=area of base, B x perp. distance, h, from base 

to center of gravity of opposite face: Bh 




!♦ — a — ■*. 




-b-— -x' 




For cylinder: 



>4Aai + l2) 



Pyramid or Cone, Risrht and Reffular 

S=:perimeter of base, B x^ slant height, 1: % Bl 
V=area of base, B x % perp. height, h: H Bh 

Pyramid or Cone, Riffht or Oblique, R^nilar or Irresnlar 

V=area of base. Bx^ perp. height, h: H Bh 

V=^ volume of prism or cylinder of same base 

and perpendicular height 
V=H volimie of hemisphere of same base and 

perpendicular height 

Frustum of Pyramid or Cone, Ri^ht and R^pilar, 

Parallel Ends 

S=(sum of perimeter of base. B. and top, b) x ^ slant 
height, 1: HKB + b) 

V=(sum of areas of base, B. and top. b + square 
root of their products) x^^ perp. height, h: 



Vs h (B + b + ■v/'BT") 

Frustum of any Pyramid or Cone, Paralld Ends 

V=(sum of areas of base. B, and top, b + square 
root of their products) x % perp. height, h: 

% h (B + b '+ |/TF) 

Wedgre, Parallelogram Face 

V=Ve (sum of three edges, aba x perpendiculu' 
height, h x perpendicular width, d) : 

%dh(2a+b) 

Prismatoid 

V=% perp. height, h (sum of areas of base, B, and top 
b, + 4 X area of section, M, parallel to bases 

and midway between them) : ,., 

yeh(B + b + 4M) 

The Prismatoid formula applies also to any. ,"* 
the foregoing solids with paraUel bases, to Pjrw^fSi 
cones, spherical sections, and to many souds witn 
irregular surfaces. 
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SURFACE AND VOLUME OF SOLIDS— Concluded 
S=Lateral or Convex Surface. V=Volumb 

Sphere 

S= 4 IT r2 = IT d2 = 3.14169265 da 
V=H IT rs = Ve IT da = 0.52350878 da 

Spherical Sector 

S=V2 Trr (4 b + c) 
V=?& TT ra b 

Spherical Segment 

S=2 TT r b = H IT (4 b2 + c2) 

^^=1/3 tr b2 (3 r-b) = %* ir b (3 ca + 4 bS) 

Spherical Zone 
S=2 rrrh 

V=V24 IT b (3 a2 + 3 c2 + 4 b2) 




V( c-^ 




/^•> 







W 1^ ^ 



1 — 




Circular Bing 



S=4 7r2 Rr 
V=2 7r2 R r2 



Unffula of Risrht, Regular Cylinder 



Base=Segmeiit. b a b 



S =(2 r m-o X arc, b a b) 
V=(% ms-o X area, b a b) 



r-o 

h 

r-o 



Base=Segment, c a c 
S=(2r n + p X arc, c a c) ^ ^ ^ 

V=(% n3 + p X area, c a c) ^ _^ 

EUipaoid 

'V=Va TT r a b 

Y=y2 TT r2 h 



Ba8e=Half Circle 

S=2rh 

V=%r2li 
Base=Circle 
S=r irh 

Y=Y2 r2 IT h 



Paraboloid 



Ratio of coii*espondlng volumes of a Cone, Parabo- 
loid, Sphere, and Cylinderof equal height: %:%:%: 1 

Bodies Generated by Partial or Complete Revolation 

1 =length of a curve ) rotating about an axis 1-1 
A=area of a plane f on one side and in plane of axis 
r =dlstance of center of gravity of line or plane from 

axis 1-1 and for any angle of revolution, a®, 
2rira° 



360 



-=length of arc described by center of gravity. 



S=length of curve x length of arc about axis 
2 r ira*> 



=1 



360 



For complete revolution S= 2r irl 



y=area of plane x length of arc about axis 



2rira' 
360 



For complete revolution V= 2 r ir A 
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FmcTioNB or Numbbrb, 1 to 49 


No. 


Squ», 


, 


rUi 


■™,*. 


R«iJ™.l 


Ko. D«m^ 


Cube 


Hoot 


O^o. 


Are» 


1 


~ 


1 


1.0000 


1-0000 


0,00000 


1000.000 


3.142 


0-7854 


2 


4 


8 


1.4142 






5oo!ooo 




3 '14 IS 


3 


9 


27 


1.7321 


1.4422 


0.47712 


333,333 


9,425 


7.0686 


4 










0,60206 


250.000 


12.666 


12.56M 


6 


25 














19.8330 


6 


36 


216 


2.4495 


1.8171 


0; 77815 








7 


49 


343 


2.6468 


1.0129 


0,84510 


142.857 


21,991 


38.4815 














125.000 


26.133 


60.2655 


9 
















83.6173 


10 


100 


1000 


3.1623 


2.1544 


1,00000 


100.000 


31.416 


78-5398 


11 


121 


1331 


3.3166 


2.2240 


1.04139 


90.9091 


34.558 


9S.D33S 


la 


144 








1,07918 








13 


169 


2197 


3.0058 


2.3613 


1,11394 


76.0231 


40.841 


132.732 








3.7417 






71.4286 


43-082 


153.938 






337 S 












17a.71S , 


16 


256 


4096 








62! 5000 




201.063 < 


17 


289 


4913 


4,1231 


2,5713 


1-23045 


68.8235 


53.407 


226.960 


18 




5S32 








55.5556 


66.649 


2Si.m 
















69.690 


283,528 


20 


400 


8000 


4.4721 


2.7144 


1.30103 


50.0000 


62.832 


314.159 . 


21 


441 


9261 


4.582Q 


2,758B 


1.32222 


47.6100 


65.973 


B48J)61 1 




4S4 


10648 








46.4545 




3S0.133 


23 


529 


121B7 


4.7958 


2.8439 


1.36173 


43.4783 


72.257 


415.476 


24 








2.8845 


1.38021 


41.0667 


75.398 


452,389 


















490,83* ■ 


26 


676 


17576 


6.0990 










630.929 1 


27 


72B 


19683 


5-1902 


3-0000 


1,43130 


37.0370 


84.823 


672.655 


28 


784 






3.0366 


1,44716 


36.7143 


87.966 


815.751 


















eaosM ' 


30 


900 


27000 


6.4772 


3!l072 


1.47712 


33-3333 


94!248 


706.868 


31 


QQl 


20791 


5.5678 


3.1414 


1.49136 


32.2581 


97.389 


^"■15! 


32 




32768 










100.631 


S"'^ 


33 


108B 


35037 


6.7440 


3.2075 


1,51851 


30.3030 


103.673 


g56.2M 1 




1156 


39304 




3.2396 


1.53148 


29.4113 


106.S14 


e07.9M 


















862.111 




1296 


40050 


6.0000 


3I3OI9 


1^55630 


27>778 


I13W 


1017.88 


37 


1369 




6.0828 


3.3322 


1.58820 


27,0270 


116.239 


1076.21 




1444 








1.57978 


26.3168 




1131-11 ' 






59319 












1"^ 1 


40 


1600 


64000 


6.3246 


3.4200 


1.60206 


26.0000 


125.86 


1256.6* 


41 


1081 


68921 


6.4031 


3,4482 


1.61278 


24.3002 


128,81 


133056 ■ 






T4088 






1.62325 






1386.44 , 


43 


1849 


70SO7 


6.5574 


3.5034 


1,B.'(347 


23! 2558 


135.09 


145I.J0 








6.6333 


3.5303 


1-64345 


22.7273 


138.23 


JS30.63 1 














22.2222 




>5«-:S 






07336 












1061.90 




2209 


103833 


6.8557 


3.8088 


1.67210 


21.2706 


147.65 


1734.9* 


48 


2304 


110592 


6.9282 


3.6342 


1.6SI24 


20.8333 


150.80 


'«»■» . 


49 


Z401 












163.04 


1886.74 
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Functions of Numbers 50 to 99 





Square 


Cube 


Square 
Root 


Cubic 
Root 


Loguithm 


1000 

X 

Reciprocal 


No.= 


Diameter 


No. 


Circum. 


Area 


50 


2500 


125000 


7.0711 


3.6840 


1.69897 


20.0000 


157.08 


1963.60 


51 


2601 


132651 


7.1414 


3.7084 


1.70757 


19.6078 


160.22 


2042.82 


62 


2704 


140608 


7.2111 


3.7326 


1.71600 


19.2308 


163.36 


2123.72 


53 


2809 


148877 


7.2801 


3.7663 


1.72428 


18.8679 


166.60 


2206.18 


54 


2916 


157464 


7.3485 


3.7798 


1.73239 


18.5185 


169.65 


2290.22 


55 


3025 


166375 


7.4162 


3.8030 


1.74036 


18.1818 


172.79 


2375.83 


56 


3136 


175616 


7.4833 


3.8269 


1.74819 


17.8571 


175.93 


2463.01 


57 


3249 


185193 


7.5498 


3.8486 


1.76687 


17.6439 


179.07 


2551.76 


58 


3364 


195112 


7.6158 


3.8709 


1.76343 


17.2414 


182.21 


2642.08 


59 


3481 


205379 


7.6811 


3.8930 


1.77086 


16.9492 


185.35 


2733.97 


60 


3600 


216000 


7.7460 


3.9149 


1.77816 


16.6667 


188.50 


2827.43 


61 


3721 


226981 


7.8102 


3.9366 


1.78533 


16.3934 


191.64 


2922.47 


62 


3844 


238328 


7.8740 


3.9679 


1.79239 


16.1290 


194.78 


3019.07 


63 


3969 


260047 


7.9373 


3.9791 


1.79934 


15.8730 


197.92 


3117.25 


64 


4096 


262144 


8.0000 


4.0000 


1.80618 


J15.6250 


201.06 


3216.99 


65 


4225 


274626 


8.0623 


4.0207 


1.81291 


15.3846 


204.20 


3318.31 


66 


4356 


287496 


8.1240 


4.0412 


1.81964 


15.1515 


207.35 


3421.19 


67 


4489 


300763 


8.1854 


4.0616 


1.82607 


14.9254 


210.49 


3525.66 


68 


4624 


314432 


8.2462 


4.0817 


1.83251 


14.7059 


213.63 


3631.68 


69 


4761 


328609 


8.3066 


4.1016 


1.83885 


14.4928 


216.77 


3739.28 


70 


4900 


343000 


8.3666 


4.1213 


1.84510 


14.2857 


219.91 


3848.45 


71 


5041 


367911 


8.4261 


4.1408 


1.85126 


14.0845 


223.05 


3959.19 


72 


6184 


373248 


8.4863 


4.1602 


1.86733 


13.8889 


226.19 


4071.60 


73 


6329 


389017 


8.6440 


4.1793 


1.86332 


13.6986 


229.34 


4186.39 


74 


6476 


406224 


8.6023 


4.1983 


1.86923 


13.5135 


232.48 


4300.84 


75 


6626 


421876 


8.6603 


4.2172 


1.87506 


13.3333 


236.62 


4417.86 


76 


6776 


438976 


8.7178 


4.2368 


1.88081 


13.1579 


238.76 


4536.46 


77 


6929 


466633 


8.7760 


4.2543 


1.88649 


12.9870 


241.90 


4656.63 


78 


6084 


474662 


8.8318 


4.2727 


1.89209 


12.8206 


245.04 


4778.36 


79 


6241 


493039 


8.8882 


4.2908 


1.89763 


12.6682 


248.19 


4901.67 


80 


6400 


612000 


8.9443 


4.3089 


1.90309 


12.5000 


251.33 


5026.65 


81 


6661 


631441 


9.0000 


4.3267 


1.90849 


12.3457 


254.47 


6153.00 


82 


6724 


651368 


9.0654 


4.3446 


1.91381 


12.1951 


257.61 


5281.02 


83 


6889 


671787 


9.1104 


4.3621 


1.91908 


12.0482 


260.76 


6410.61 


84 


7056 


692704 


9.1652 


4.3796 


1.92428 


11.9048 


263.89 


6641.77 


85 


7226 


614126 


9.2195 


4.3968 


1.92942 


11.7647 


267.04 


6674.60 


86 


7396 


636066 


9.2736 


4.4140 


1.93450 


11.6279 


270.18 


5808.80 


87 


7569 


658603 


9.3274 


4.4310 


1.93952 


11.4943 


273.32 


5944.68 


88 


7744 


681472 


9.3808 


4.4480 


1.94448 


11.3636 


276.46 


6082.12 


89 


7921 


704969 


9.4340 


4.4647 


1.94939 


11.2360 


279.60 


6221.14 


90 


8100 


729000 


9.4868 


4.4814 


1.96424 


11.1111 


282.74 


6361.73 


91 


8281 


763571 


9.5394 


4.4979 


1.96904 


10.9890 


286.88 


6503.88 


92 


8464 


778688 


9.6917 


4.6144 


1.96379 


10.8696 


289.03 


6647.61 


93 


8649 


804357 


9.6437 


4.5307 


1.96848 


10.7627 


292.17 


6792.91 


94 


8836 


830584 


9.6964 


4.6468 


1.97313 


10.6383 


295.31 


6939.78 


95 


9025 


867376 


9.7468 


4.5629 


1.97772 


10.5263 


298.45 


7088.22 


96 


9216 


884736 


9.7980 


4.5789 


1.98227 


10.4167 


301.59 


7238.23 


97 


9409 


912673 


9.8489 


4.5947 


1.98677 


10.3093 


304.73 


7389.81 


98 


9604 


941192 


9.8995 


4.6104 


1.99123 


10.2041 


307.88 


7642.96 


99 


9801 


970299 


9.9499 


4.6261 , 


1.99564 


10.1010 


311.02 


7697.69 



A 
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Functions of Numbers, 100 to 149 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. — Diameter 


Cireum. 


1 
Arei 

1 


100 


10000 


1000000 


10.0000 


4.6416 


2.00000 


10.0000 


314.16 


7853.98 1 


101 


10201 


1030301 


10.0499 


4.6570 


2.00432 


9.90099 


317.30 


8011.85 


102 


10404 


1061208 


10.0995 


4.6723 


2.00860 


9.80392 


320.44 


8171.28 


' 103 


10609 


1092727 


10.1489 


4.6875 


2.01284 


9.70874 


323.58 


8332.29 


104 


10816 


1124864 


10.1980 


4.7027 


2.01703 


9.61538 


326.73 


8494.87 


105 


11025 


1157625 


10.2470 


4.7177 


2.02119 


9.52381 


329.87 


8659.01 


106 


11236 


1191016 


10.2956 


4.7326 


2.02531 


9.43396 


333.01 


8824.73 


107 


11449 


1225043 


10.3441 


4.7475 


2.02938 


9.34579 


336.15 


8992.02 


108 


11664 


1259712 


10.3923 


4.7622 


2.03342 


9.25926 


339.29 


9160.88 


109 


11881 


1295029 


10.4403 


4.7769 


2.03743 


9.17431 


342.43 


9331.32 


110 


12100 


1331000 


10.4881 


4.7914 


2.04139 


9.09091 


345.58 


9503.32 


111 


12321 


1367631 


10.5357 


4.8059 


2.04532 


9.00901 


348.72 


9676.89 


112 


12544 


1404928 


10.5830 


4.8203 


2.04922 


8.92857 


351.86 


9852.03 


113 


12769 


1442897 


10.6301 


4.8346 


2.05308 


8.84956 


355.00 


10028.7 1 


114 


12996 


1481544 


10.6771 


4.8488 


2.05690 


8.77193 


358.14 


10207.0 i 


115 


13225 


1520876 


10.7238 


4.8629 


2.06070 


8.69565 


361.28 


10386.9 


116 


13456 


1560896 


10.7703 


4.8770 


2.06446 


8.62069 


364.42 


10568.3 


117 


13689 


1601613 


10.8167 


4.8910 


2.06819 


8.54701 


367.57 


10751.3 


118 


13924 


1643032 


10.8628 


4.9049 


2.07188 


8.47458 


370.71 


10935.9 


119 


14161 


1685159 


10.9087 


4.9187 


2.07555 


8.40336 


373.85 


11122.0 


120 


14400 


1728000 


10.9545 


4.9324 


2.07918 


8.33333 


376.99 


11309.7 


121 


14641 


1771561 


11.0000 


4.9461 


2.08279 


8.26446 


380.13 


11499.0 


122 


14884 


1815848 


11.0454 


4.9597 


2.08636 


8.19672 


383.27 


11689.9 


123 


15129 


1860867 


11.0905 


4.9732 


2.08991 


8.13008 


386.42 


11882.3 


124 


15376 


1906624 


11.1355 


4.9866 


2.09342 


8.06452 


389.56 


12076.3 


125 


15625 


1953125 


11.1803 


5.0000 


2.09691 


8.00000 


392.70 


12271.8 


126 


15876 


2000376 


11.2250 


5.0133 


2.10037 


7.93651 


395.84 


12469.0 


127 


16129 


2048383 


11.2694 


5.0265 


2.10380 


7.87402 


398.98 


12667.7 


128 


16384 


2097152 


11.3137 


5.0397 


2.10721 


7.81250 


402.12 


12868.0 


129 


16641 


2146689 


11.3578 


5.0528 


2.11059 


7.75194 


405.27 


13069.8 


130 


16900 


2197000 


11.4018 


5.0658 


2.11394 


7.69231 


408.41 


13273.2 


131 


17161 


2248091 


11.4455 


5.0788 


2.11727 


7.63359 


411.55 


13478.2 


132 


17424 


2299968 


11.4891 


5.0916 


2.12057 


7.57576 


414.69 


13684.8 


133 


17689 


2352637 


11.5326 


5.1045 


2.12385 


7.51880 


417.83 


13892.9 


134 


17956 


2406104 


11.5758 


5.1172 


2.12710 


7.46269 


420.97 


14102.6 


135 


18225 


2460375 


11.6190 


5.1299 


2.13033 


7.40741 


424.12 


14313.9 


136 


18496 


2515456 


11.6619 


5.1426 


2.13354 


7.35294 


427.26 


14526.7 


137 


18769 


2571353 


11.7047 


5.1551 


2.13672 


7.29927 


430.40 


14741.1 


138 


19044 


2628072 


11.7473 


5.1676 


2.13988 


7.24638 


433.54 


14957.1 


139 


19321 


2685619 


11.7898 


5.1801 


2.14301 


7.19424 


436.68 


15174.7 


140 


19600 


2744000 


11.8322 


5.1925 


2.14613 


7.14286 


439.82 


15393.8 


141 


19881 


2803221 


11.8743 


5.2048 


2.14922 


7.09220 


442.96 


15614.5 


142 


20164 


2863288 


11.9164 


5.2171 


2.15229 


7.04225 


446.11 


15836.8 


143 


20449 


2924207 


11.9583 


5.2293 


2.15534 


6.99301 


449.25 


16060.6 


144 


20736 


2985984 


12.0000 


5.2415 


2.15836 


6.94444 


452.39 


16286.0 


145 


21025 


3048625 


12.0416 


5.2536 


2.16137 


6.89655 


455.53 


16613.0 


146 


21316 


3112136 


12.0830 


5.2656 


2.16435 


6.84932 


458.67 


16741.5 


147 


21609 


3176523 


12.1244 


5.2776 


2.16732 


6.80272 


461.81 


16971.7 


148 


21904 


3241792 


12.1655 


5.2896 


2.17026 


6.75676 


464.96 


17203.4 


149 


22201 


3307949 


12.2066 


5.3015 


2.17319 


6.71141 


468.10 


17436.6 
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l: 




Functions op Numbers, 150 to 199 




Cabe 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 


No Diameter 


No. 1 


Square 






- 








XlftAJV 


AwWV 




Reciprocal 


Circtim. 


Area 


150 


22500 


3376000 


12.2474 


6.3133 


2.17609 


6.66667 


471.24 


17671.5 


151 


22801 


3442951 


12.2882 


6.3251 


2.17898 


6.62252 


474.38 


17907.9 


1 152 


23104 


3511808 


12.3288 


6.3368 


2.18184 


6.57895 


477.62 


18146.8 


153 


23409 


3681577 


12.3693 


6.3486 


2.18469 


6.63695 


480.06 


18386.4 


154 


23716 


3662264 


12.4097 


5.3601 


2.18762 


6.49351 


483.81 


18626.5 


155 


24025 


3723876 


12.4499 


6.3717 


2.19033 


6.45161 


486.95 


18869.2 


156 


24336 


3796416 


12.4900 


6.3832 


2.19312 


6.41026 


490.09 


19113 4 


157 


24649 


3869893 


12.5300 


6.3947 


2.19590 


6.36943 


493.23 


19369.3 




158 


24964 


3944312 


12.5698 


6.4061 


2.19866 


6.32911 


496.37 


19606.7 




159 


25281 


4019679 


12.6096 


6.4176 


2.20140 


6.28931 


499.51 


19865.7 




160 


25600 


4096000 


12.6491 


6.4288 


2.20412 


6.25000 


602.66 


20106.2 




161 


26921 


4173281 


12.6886 


6.4401 


2.20683 


6.21118 


606.80 


20368.3 




162 


26244 


4251628 


12.7279 


6.4614 


2.20962 


6.17284 


608.94 


20612.0 




163 


26569 


4330747 


12.7671 


5.4626 


2.21219 


6.13497 


612.08 


20867.2 




164 


26896 


4410944 


12.8062 


6.4737 


2.21484 


6.09766 


615.22 


21124.1 




165 


27225 


4492126 


12.8462 


6.4848 


2.21748 


6.06061 


618.36 


21382.5 




166 


27566 


4574296 


12.8841 


6.4969 


2.22011 


6.02410 


621.60 


21642.4 




167 


27889 


4667463 


12.9228 


6.6069 


2.22272 


6.98802 


624.66 


21904.0 




168 


28224 


4741632 


12.9616 


6.5178 


2.22531 


6.96238 


627.79 


22167.1 




169 

• 


28661 


4826809 


13.0000 


6.6288 


2.22789 


6.91716 


630.93 


22431.8 




170 


28900 


4913000 


13.0384 


6.5397 


2.23045 


6.88236 


634.07 


22698.0 




171 


29241 


6000211 


13.0767 


6.6606 


2.23300 


6.84795 


637.21 


22966.8 




172 


29684 


6088448 


13.1149 


5.5613 


2.23553 


6.81396 


640.36 


23236.2 




173 


29929 


6177717 


13.1529 


6.5721 


2.23805 


6.78036 


643.60 


23606.2 




174 


30276 


6268024 


13.1909 


6.5828 


2.24066 


5.74713 


646.64 


23778.7 




175 


30626 


6359376 


13.2288 


6.6934 


2.24304 


5.71429 


649.78 


24052.8 




176 


30976 


6461776 


13.2666 


6.6041 


2.24651 


6.68182 


662.92 


24328.5 




177 


31329 


6646233 


13.3041 


6.6147 


2.24797 


6.64972 


566.06 


24606.7 




178 


31684 


6639752 


13.3417 


6.6252 


2.25042 


6.61798 


669.20 


24884.6 




179 


32041 


5736339 


13.3791 


5.6357 


2.26286 


6.68669 


662.36 


26164.9 




180 


32400 


6832000 


13.4164 


5.6462 


2.26527 


5.65556 


666.49 


26446.9 




181 


32761 


6929741 


13.4536 


5.6567 


2.25768 


6.52486 


668.63 


26730.4 




182 


33124 


6028568 


13.4907 


6.6671 


2.26007 


6.49451 


671.77 


26016.6 




183 


33489 


6128487 


13.5277 


6.6774 


2.26245 


5.40448 


674.91 


26302.2 




184 


33866 


6229504 


13.5647 


6.6877 


2.26482 


5.43478 


578.05 


26590.4 




185 


34226 


6331625 


13.6016 


5.6980 


2.26717 


5.40541* 


681.19 


26880.3 




186 


34696 


6434866 


13.6382 


5.7083 


2.26951 


6.37634 


684.34 


27171.6 




187 


34969 


6639203 


13.6748 


5.7185 


2.27184 


5.34759 


687.48 


27464.6 




188 


36344 


6644672 


13.7113 


5.7287 2.27416 


5.31916 


690.62 


27769.1 




189 


36721 


6751269 


13.7477 


5.7388 


2.27646 


6.29101 


693.76 


28055.2 




190 


36100 


6859000 


13.7840 


6.7489 1 2.27875 


6.26316 


696.90 


28352.9 




a9i 


36481 


6967871 


13.8203 


5.7590 1 2.28103 


5.23560 


600.04 


28652.1 




192 


36864 


7077888 


13.8564 


6.7690 2.28330 i 5.20833 


603.19 


28952.9 




193 


37249 


7189057 


13.8924 


6.7790 


2.28556 


5.18135 


606.33 


29256.3 




194 


37636 


7301384 


13.9284 


6.7890 


2.28780 


6.15464 


609.47 


29559.2 




195 


38026 


7414876 


13.9642 


6.7989 


2.29003 


6.12821 


612.61 


29864.8 




196 


38416 


7629636 


14.0000 


5.8088 


2.29226 


6.10204 


615.75 


30171.9 




197 


38809 


7645373 


14.0357 


6.8186 2.29447 


5.07614 


618.89 


30480.6 




198 


39204 


7762392 


14.0712 


6.8285 2.29667 


6.05051 622.04 


30790.7 




199 


39601 


7880599 


14.1067 


6.8383 1 2.29886 1 6.02513 1 626.18 1 31102.6 
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Functions of Numbers, 200 to 249 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Boot 


Logarithm 


1000 

X 

Reciprocal 


No. =3 Diameter 


Circum. 


Area i 


200 


40000 


8000000 


14.1421 


5.8480 


2.30103 


6.00000 


628.32 


31415.9 


201 


40401 


8120601 


14.1774 


6.8578 


2.30320 


4.97512 


631.46 


31730.9 


202 


40804 


8242408 


14.2127 


6.8675 


2.30535 


4.95050 


634.60 


32047.4 


203 


41209 


8365427 


14.2478 


6.8771 


2.30750 


4.92611 


637.74 


32365.5 


204 


41616 


8489664 


14.2829 


6.8868 


2.30963 


4.90196 


640.88 


32685.1 


205 


42025 


8615125 


14.3178 


6.8964 


2.31175 


4.87805 


644.03 


33006.4 


206 


42436 


8741816 


14.3527 


6.9059 


2.31387 


4.85437 


647.17 


33329.2 i 


207 


42849 


8869743 


14.3875 


6.9155 


2.31697 


4.83092 


650.31 


33653.5 , 


208 


43264 


8998912 


14.4222 


5.9250 


2.31806 


4.80769 


663.46 


33979.5 


209 


43681 


9129329 


14.4568 


6.9346 


2.32015 


4.78469 


666.59 


34307.0 


210 


44100 


9261000 


14.4914 


6.9439 


2.32222 


4.76190 


669.73 


34636.1 


211 


44521 


9393931 


14.5268 


5.9533 


2.32428 


4.73934 


662.88 


34966.7 


212 


44944 


9528128 


14.5602 


5.9627 


2.32634 


4.71698 


666.02 


35298.9 


213 


45369 


9663597 


14.5945 


5.9721 


2.32838 


4.69484 


669.16 


35632.7 


214 


45796 


9800344 


14.6287 


5.9814 


2.33041 


4.67290 


672.30 


35969.1 


216 


46225 


9938375 


14.6629 


5.9907 


2.33244 


4.65116 


675.44 


36305.0 


216 


46656 


10077696 


14.6969 


6.0000 


2.33445 


4.62963 


678.58 


36643.5 


217 


47089 


10218313 


14.7309 


6.0092 


2.33646 


4.60829 


681.73 


36983.6 


218 


47524 


10360232 


14.7648 


6.0185 


2.33846 


4.58716 


684.87 


37325.3 


219 


47961 


10503459 


14.7986 


6.0277 


2.34044 


4.56621 


688.01 


37668.6 

t 


220 


48400 


10648000 


14.8324 


6.0368 


2.34242 


4.64546 


691.16 


38013.3 


221 


48841 


10793861 


14.8661 


6.0459 


2.34439 


4.52489 


694.29 


38359.6 


222 


49284 


10941048 


14.8997 


6.0650 


2.34635 


4.50450 


697.43 


38707.6 1 


223 


49729 


11089567 


14.9332 


6.0641 


2.34830 


4.48430 


700.58 


39057.1 


224 


50176 


11239424 


14.9666 


6.0732 


2.36025 


4.46429 


703.72 


39408.1 


225 


50625 


11390625 


15.0000 


6.0822 


2.36218 


4.44444 


706.86 


39760.8 


226 


51076 


11543176 


15.0333 


6.0912 


2.35411 


4.42478 


710.00 


40115.0 


227 


51529 


11697083 


16.0665 


6.1002 


2.35603 


4.40529 


713.14 


40470.8 


228 


51984 


11852352 


15.0997 


6.1091 


2.35793 


4.38596 


716.28 


40828.1 


229 


52441 


12008989 


15.1327 


6.1180 


2.35984 


4.36681 


719.42 


41187.1 


230 


52900 


12167000 


16.1658 


6.1269 


2.36173 


4.34783 


722.57 


41547.6 


231 


53361 


12326391 


15.1987 


6.1358 


2.36361 


4.32900 


725.71 


41909.6 


232 


53824 


12487168 


15.2315 


6.1446 


2.36549 


4.31034 


728.85 


42273.3 


233 


54289 


12649337 


15.2643 


6.1534 


2.36736 


4.29186 


731.99 


42638.5 


234 


54756 


12812904 


15.2971 


6.1622 


2.36922 


4.27350 


735.13 


43005.3 


235 


55225 


12977875 


15.3297 


6.1710 


2.37107 


4.25532 


738.27 


43373.6 


236 


55696 


13144256 


15.3623 


6.1797 


2.37291 


4.23729 


741.42 


43743.6 


237 


56169 


13312053 


15.3948 


6.1885 


2.37475 


4.21941 


744.56 


44115.0 ; 


238 


56644 


13481272 


15.4272 


6.1972 


2.37658 


4.20168 


747.70 


44488.1 


239 


57121 


13651919 


16.4596 


6.2058 


2.37840 


4.18410 


760.84 


44862.7 


240 


57600 


13824000 


15.4919 


6.2145 


2.38021 


4.16667 


763.98 


45238.9 


241 


58081 


13997521 


15.5242 


6.2231 


2.38202 


4.14938 


757.12 


45616.7 


242 


58564 


14172488 


15.5563 


6.2317 


2.38382 


4.13223 


760.27 


45996.1 ; 


243 


59049 


14348907 


15.5885 


6.2403 


2.38561 


4.11523 


763.41 


46377.0 j 


244 


59536 


14526784 


15.6205 


6.2488 


2.38739 


4.09836 


766.55 


46759.5 1 


245 


60025 


14706125 


15.6525 


6.2573 


2.38917 


4.08163 


769.69 


47143.6 \ 


246 


60516 


14886936 


15.6844 


6.2658 


2.39094 


4.06504 


77^.83 


47529.2 ; 


247 


61009 


15069223 


15.7162 


6.2743 


2.39270 


4.04858 


775.97 


47916.4 ' 


248 


61504 


15252992 


15.7480 


6.2828 


2.39445 


4.03226 


779.12 


48305.1 


249 


62001 


15438249 


15.7797 


6.2912 


2.39620 


4.01606 


782.26 48695.6 
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Functions op Numbers, 250 to 299 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Boot 


Logarithm 


1000 

X 

Reciprocal 


No. = Diameter 


Circum. 


Area 


250 


62500 


15625000 


15.8114 


6.2996 


2.39794 


4.00000 


785.40 


49087.4 


251 


63001 


15813251 


16.8430 


6.3080 


2.39967 


3.98406 


788.64 


49480.9 


252 


63504 


16003008 


15.8745 


6.3164 


2.40140 


3.96825 


791.68 


49876.9 


253 


64009 


16194277 


16.9060 


6.3247 


2.40312 


3.95257 


794.82 


60272.6 


254 


64516 


16387064 


16.9374 


6.3330 


2.40483 


3.93701 


797.96 


50670.7 


255 


65025 


16681375 


15.9687 


6.3413 


2.40654 


3.92157 


801.11 


61070.5 


256 


65536 


16777216 


16.0000 


6.3496 


2.40824 


3.90625 


804.25 


51471.9 


257 


66049 


16974693 


16.0312 


6.3679 


2.40993 


3.89105 


807.39 


61874.8 


258 


66564 


17173512 


16.0624 


6.3661 


2.41162 


3.87697 


810.63 


62279.2 


' 259 


67081 


17373979 


16.0936 


6.3743 


2.41330 


3.86100 


813.67 


52686.3 


260 


^7600 


17576000 


16.1245 


6.3825 


2.41497 


3.84615 


816.81 


53092.9 


261 


68121 


17779581 


16.1565 


6.3907 


2.41664 


3.83142 


819.96 


53502.1 


262 


68644 


17984728 


16.1864 


6.3988 


2.41830 


3.81679 


823.10 


53912.9 


263 


69169 


18191447 


16.2173 


6.4070 


2.41996 


3.80228 


826.24 


64325.2 


264 


69696 


18399744 


16.2481 


6.4161 


2.42160 


3.78788 


829.38 


54739.1 


265 


70225 


18609625 


16.2788 


6.4232 


2.42325 


3.77358 


832.62 


56154.6 


266 


70756 


18821096 


16.3095 


6.4312 


2.42488 


3.75940 


836.66 


56571.6 


267 


71289 


19034163 


16.3401 


6.4393 


2.42661 


3.74532 


838.81 


55990.2 


268 


71824 


19248832 


16.3707 


6.4473 


2.42813 


3.73134 


841.96 


56410.4 


269 


72361 


19465109 


16.4012 


6.4653 


2.42975 


3.71747 


846.09 


56832.2 


270 


72900 


19683000 


16.4317 


6.4633 


2.43136 


3.70370 


848.23 


57256.5 


271 


73441 


19902611 


16.4621 


6.4713 


2.43297 


3.69004 


861.37 


67680.4 


27? 


73984 


20123648 


16.4924 


6.4792 


2.43457 


3.67647 


864.61 


68106.9 


273 


74529 


20346417 


16.6227 


6.4872 


2.43616 


3.66300 


867.66 


58634.9 


274 


75076 


20670824 


16.6629 


6.4961 


2.43775 


3.64964 


860.80 


58964.6 


275 


75625 


20796875 


16.6831 


6.6030 


2.43933 


3.63636 


863.94 


59396.7 


276 


76176 


21024576 


16.6132 


6.6108 


2.44091 


3.62319 


867.08 


69828.5 


277 


76729 


21263933 


16.6433 


6.6187 


2.44248 


3.61011 


870.22 


60262.8 


278 


77284 


21484962 


16.6733 


6.6266 


2.44404 


3.69712 


873.36 


60698.7 


279 


77841 


21717639 


16.7033 


6.6343 


2.44560 


3.58423 


876.50 


61136.2 


280 


78400 


21962000 


16.7332 


6.5421 


2.44716 


3.67143 


879.66 


61675.2 


281 


78961 


22188041 


16.7631 


6.6499 


2.44871 


3.65872 


882.79 


62015.8 


282 


79524 


22426768 


16.7929 


6.6677 


2.45025 


3.54610 


886.93 


62458.0 


283 


80089 


22666187 


16.8226 


6.6664 


2.45179 


3.63357 


889.07 


62901.8 


284 


80656 


22906304 


16.8623 


6.5731 


2.46332 


3.52113 


892.21 


63347.1 


285 


81225 


23149126 


16.8819 


6.6808 


2.45484 


3.50877 


895.35 


63794.0 


286 


81796 


23393666 


16.9115 


6.6885 


2.45637 


3.49650 


898.50 


64242.4 


287 


82369 


23639903 


16.9411 


6.5962 


2.46788 


3.48432 


901.64 


64692.5 


288 


82944 


23887872 


16.9706 


6.6039 


2.46939 


3.47222 


904.78 


66144.1 


289 


83521 


24137569 


17.0000 


6.6115 


2.46090 


3.46021 


907.92 


65697.2 


290 


84100 


24389000 


17.0294 


6.6191 


2.46240 


3.44828 


911.06 


66062.0 


291 


84681 


24642171 


17.0687 


6.6267 


2.46389 


3.43643 


914.20 


66508.3 


292 


85264 


24897088 


17.0880 


6.6343 


2.46538 


3.42466 


917.35 


66966.2 


293 


85849 


26163757 


17.1172 


6.6419 


2.46687 


3.41297 


920.49 


67425.6 • 


294 


86436 


26412184 


17.1464 


6.6494 


2.46835 


3.40136 


923.63 


67886.7 


295 


87025 


26672376 


17.1756 


6.6569 


2.46982 


3.38983 


926.77 


68349.3 


296 


87616 


26934336 


17.2047 


6.6644 


2.47129 


3.37838 


929.91 


68813.4 


297 


88209 


26198073 


17.2337 


6.6719 


2.47276 


3.36700 


933.05 


69279.2 


298 


88804 


26463692 


17.2627 


6.6794 


2.47422 


3.36670 


936.19 


69746.5 


299 


89401 




26730899 


17.2916 


6.6869 


2.47667 


3.34448 


939.34 


70215.4 
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J.JII73I1 ' 


lOS8.r 


sai!».9 






1(M1.9 


sonv-ti 


J -I^JirJ'j 


:i.y4»*5i 




90138.7 


J..:.;: l- 


J.iMllS 


1U«S.[ 


ao7«.o 




J.'JS2j3 








J.'J2;i!M 




91S63J 


j.o;;.7.''j 


J.;»1A1J 


1077.8 


9-2401.3 


j..7;iM<i 


J.a»l)S 




92MU.e 


u..i:;r^-j 


J.iiWUS 




9WB2.0 




:!.StWI7 


llte7.0 


94024.7 


:!:.U(k;:! 


■J.S«t«l 


1000.1 


94569.0 











l\t«R.\ 95002.3 
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Functions of Numbers, 350 to 399 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. = Diameter 


Circum. 


Area 


350 


122500 


42876000 


18.7083 


7.0473 


2.54407 


2.86714 


1099.6 


96211.3 


351 


123201 


43243551 


18.7350 


7.0640 


2.64531 


2.84900 


1102.7 


96761.8 


352 


123904 


43614208 


18.7617 


7.0607 


2.54664 


2.84091 


1106.8 


97314.0 


353 


124609 


43986977 


18.7883 


7.0674 


2.54777 


2.83286 


1109.0 


97867.7 


354 


125316 


44361864 


18.8149 


7.0740 


2.64900 


2.82486 


1112.1 


98423.0 


355 


126025 


44738875 


18.8414 


7.0807 


2.56023 


2.81690 


1115.3 


98979.8 


356 


126736 


45118016 


18.8680 


7.0873 


2.66146 


2.80899 


1118.4 


99538.2 


357 


127449 


45499293 


18.8944 


7.0940 


2.55267 


2.80112 


1121.5 


100098 


358 


128164 


45882712 


18.9209 


7.1006 


2.65388 


2.79330 


1124.7 


100660 


350 


128881 


46268279 


18.9473 


7.1072 


2.66609 


2.78552 


1127.8 


101223 


360 


129600 


46656000 


18.9737 


7.1138 


2.55630 


2.77778 


1131.0 


101788 


361 


130321 


47045881 


19.0000 


7.1204 


2.55761 


2.77008 


1134.1 


102354 


362 


131044 


47437928 


19.0263 


7.1269 


2.55871 


2.76243 


1137.3 


102922 


363 


131769 


47832147 


19.0526 


7.1336 


2.56991 


2.76482 


1140.4 


103491 


364 


132496 


48228544 


19.0788 


7.1400 


2.66110 


2.74725 


1143.5 


104062 


365 


133225 


48627125 


19.1050 


7.1466 


2.56229 


2.73973 


1146.7 


104635 


366 


133956 


49027896 


19.1311 


7.1631 


2.56348 


2.73224 


1149.8 


105209 


367 


134689 


49430863 


19.1572 


7.1596 


2.56467 


2.72480 


1153.0 


105785 


368 


135424 


49836032 


19.1833 


7.1661 


2.66686 


2.71739 


1156.1 


106362 


369 


136161 


50243409 


19.2094 


7.1726 


2.66703 


2.71003 


1159.2 


106941 


370 


136900 


50653000 


19.2354 


7.1791 


2.56820 


2.70270 


1162.4 


107521 


371 


137641 


61064811 


19.2614 


7.1855 


2.66937 


2.69542 


1165.6 


108103 


372 


138384 


61478848 


19.2873 


7.1920 


2.67064 


2.68817 


1168.7 


108687 


373 


139129 


51896117 


19.3132 


7.1984 


2.57171 


2.68097 


1171.8 


109272 


374 


139876 


52313624 


19.3391 


7.2048 


2.67287 


2.67380 


1175.0 


109858 


376 


140625 


62734376 


19.3649 


7.2112 


2.67403 


2.66667 


1178.1 


110447 


376 


141376 


63167376 


19.3907 


7.2177 


2.67519 


2.65957 


1181.2 


111030 


377 


142129 


63682633 


19.4166 


7.2240 


2.57634 


2.66262 


1184.4 


111628 


378 


142884 


64010162 


19.4422 


7.2304 


2.57749 


2.64650 


1187.5 


112221 


379 


143641 


64439939 


19.4679 


7.2368 


2.67864 


2.63862 


1190.7 


112815 


380 


144400 


64872000 


19.4936 


• 

7.2432 


2.57978 


2.63168 


1193.8 


113411 


381 


145161 


65306341 


19.5192 


7.2495 


2.58093 


2.62467 


1196.9 


114009 


382 


145924 


65742968 


19.6448 


7.2568 


2.58206 


2.61780 


1200.1 


114608 


383 


146689 


66181887 


19.5704 


7.2622 


2.58320 


2.61097 


1203.2 


115209 


384 


147456 


56623104 


19.5959 


7.2685 


2.68433 


2.60417 


1206.4 


115812 


385 


148225 


57066626 


19.6214 


7.2748 


2.58646 


2.69740 


1209.5 


116416 


386 


148996 


57612456 


19.6469 


7.2811 


2.58659 


2.59067 


1212.7 


117021 


387 


149769 


57960603 


19.6723 


7.2874 


2.58771 


2.58398 


1215.8 


117628 


388 


150544 


68411072 


19.6977 


7.2936 


2.68883 


2.67732 


1218.9 


118237 


389 


151321 


68863869 


19.7231 


7.2999 


2.58995 


2.57069 


1222.1 


118847 


390 


152100 


69319000 


19.7484 


7.3061 


2.69106 


2.56410 


1225.2 


119459 


391 


152881 


69776471 


19.7737 


7.3124 


2.69218 


2.56754 


1228.4 


120072 


392 


153664 


60236288 


19.7990 


7.3186 


2.59329 


2.55102 


1231.5 


120687 


393 


154449 


60698457 


19.8242 


7.3248 


2.59439 


2.54453 


1234.6 


121304 


394 


155236 


61162984 


19.8494 


7.3310 


2.59660 


2.53807 


1237.8 


12ld22 


395 


156025 


61629876 


19.8746 


7.3372 


2.59660 


2.63165 


1240.9 


122542 


396 


156816 


62099136 


19.8997 


7.3434 


2.69770 


2.52525 


1244.1 


123163 


397 


157609 


62670773 


19.9249 


7.3496 


2.59879 


2.61889 


1247.2 


123786 


398 


158404 


63044792 


19.9499 


7.3658 


2.59988 


2.51266 


1250.4 


124410 


399 


159201 63521199 


19.9750 


7.3619 


2.60097 


2.50627 


1253.5 


125036 



407 
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Functions of Numbers 400 to 449 


,\ 


Till 

No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Loguithm 


1000 


No — Diameter 


X 

Reciprocal 


Ciroum. 


Area 


400 


160000 


64000000 


20.0000 


7.3681 


2.60206 


2.50000 


1266.6 


125664 


401 


160801 


64481201 


20.0250 


7.3742 


2.60314 


2.49377 


1259.8 


126293 j 


402 


161604 


64964808 


20.0499 


7.3803 


2.60423 


2.48756 


1262.9 


126923 


403 


162409 


65450827 


20.0749 


7.3864 


2.60531 


2.48139 


1266.1 


127556 


404 


163216 


65939264 


20.0998 


7.3925 


2.60638 


2.47525 


1269.2 


128190 


405 


164025 


66430125 


20.1246 


7.3986 


2.60746 


2.46914 


1272.3 


128825 


406 


164836 


66923416 


20.1494 


7.4047 


2.60853 


2.46306 


1276.5 


129462 , 


407 


165649 


67419143 


20.1742 


7.4108 


2.60959 


2.45700 


1278.6 


130100 




408 


166464 


67917312 


20.1990 


7.4169 


2.61066 


2.45098 


1281.8 


130741 




409 


167281 


68417929 


20.2237 


7.4229 


2.61172 


2.44499 


1284.9 


131382 ! 


410 


168100 


68921000 


20.2485 


7.4290 


2.61278 


2.43902 


1288.1 


132025 


411 


168921 


69426531 


20.2731 


7.4350 


2.61384 


2.43309 


1291.2 


132670 




412 


169744 


69934528 


20.2978 


7.4410 


2.61490 


2.42718 


1294.3 


133317 




413 


170569 


70444997 


20.3224 


7.4470 


2.61595 


2.42131 


1297.5 


133965 




414 


171396 


70957944 


20.3470 


7.4530 


2.61700 


2.41546 


1300.6 


134614 


415 


172225 


71473375 


20.3715 


7.4590 


2.61805 


2.40964 


1303.8 


135265 




416 


173056 


71991296 


20.3961 


7.4650 


2.61909 


2.40385 


1306.9 


135918 




417 


173889 


72511713 


20.4206 


7.4710 


2.62014 


2.39808 


1310.0 


136572 




418 


174724 


73034632 


20.4450 


7.4770 


2.62118 


2.39234 


1313.2 


137228 


419 


175561 


73560059 


20.4695 


7.4829 


2.62221 


2.38663 


1316.3 


137885 


420 


176400 


74088000 


20.4939 


7.4889 


2.62325 


2.38095 


1319.6 


138544 




421 


177241 


74618461 


20.5183 


7.4948 


2.62428 


2.37530 


1322.6 


139205 




422 


178084 


75151448 


20.5426 


7.5007 


2.62531 


2.36967 


1326.8 


139867 




423 


178929 


75686967 


20.5670 


7.5067 


2.62634 


2.36407 


1328.9 


140531 


424 


179776 


76225024 


20.5913 


7.5126 


2.62737 


2.35849 


1332.0 


141196 


425 


180625 


76765625 


20.6155 


7.5185 


2.62839 


2.35294 


1335.2 


141863 


426 


181476 


77308776 


20.6398 


7.5244 


2.62941 


2.34742 


1338.3 


142531 


427 


182329 


77854483 


20.6640 


7.5302 


2.63043 


2.34192 


1341.5 


143201 1 


428 


183184 


78402752 


20.6882 


7.5361 


2.63144 


2.33645 


1344.6 


143872 ' 


429 


184041 


78953589 


20.7123 


7.5420 


2.63246 


2.33100 


1347.7 


144545 


430 


184900 


79507000 


20.7364 


7.5478 


2.63347 


2.32558 


1350.9 


145220 


431 


185761 


80062991 


20.7605 


7.5537 


2.63448 


2.32019 


1354.0 


145896 


432 


186624 


80621568 


20.7846 


7.5595 


2.63548 


2.31481 


1357.2 


146574 


433 


187489 


81182737 


20.8087 


7.5654 


2.63649 


2.30947 


1360.3 


147254 


434 


188356 


81746504 


20.8327 


7.5712 


2.63749 


2.30415 


1363.6 


147934 


435 


189225 


82312875 


20.8567 


7.5770 


2.63849 


2.29886 


1366.6 


148617 


436 


190096 


82881856 


20.8806 


7.5828 


2.63949 


2.29358 


1369.7 


149301 1 


437 


190969 


83453453 


20.9045 


7.5886 


2.64048 


2.28833 


1372.9 


149987 


438 


191844 


84027672 


20.9284 


7.5944 


2.64147 


2.28311 


1376.0 


150674 


439 


192721 


84604519 


20.9523 


7.6001 


2.64246 


2.27790 


1379.2 


161363 


440 


193600 


85184000 


20.9762 


7.6059 


2.64345 


2.27273 


1382.3 


162053 


441 


194481 


85766121 


21.0000 


7.6117 


2.64444 


2.26757 


1386.4 


162745 


442 


195364 


86350888 


21.0238 


7.6174 


2.64542 


2.26244 


1388.6 


163439 


443 


196249 


86938307 


21.0476 


7.6232 


2.64640 


2.25734 


1391.7 


164134 


444 


197136 


87528384 


21.0713 


7.6289 


2.64738 


2.26225 


1394.9 


164830 i 


445 


198025 


88121125 


21.0950 


7.6346 


2.64836 


2.24719 


1398.0 


166628 


446 


198916 


88716536 


21.1187 


7.6403 


2.64933 


2.24215 


1401.2 


166228 


447 


199809 


89314623 


21.1424 


7.6460 


2.65031 


2.23714 


1404.3 


166930 


448 


200704 


89915392 


21.1660 


7.6617 


2.65128 


2.23214 


1407.4 


167633 


449 


201601 


90618849 21.1896 


7.6574 


2.65225 


2.22717 


1410.6 


168337 



408 
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Functions of Numbers, 450 to 4» 








SqUDtt 


, 1 


1000 




No. 


amin 




RDtlt 


H^ool LDgariltm 




















KeciprooaJ 


Circum. 


A™ 


~ 


20aaoo 


9113S0OO 


21.2133 7 


0031 


2.66321 


2 22222 


1413 7 


169043 


451 


203401 








2 




2;31729 


1416 




169751 


452 


204304 


92345408 




0744 


2 


65514 


2.21239 


143C 











9295B677 


21.3838 7 






























2!20264 






I6I883 


455 


207035 


94196375 




8914 


i 


05801 


2.19780 


1439 




102697 


456 


207936 


94818810 


21,3542 7 


8970 




65898 




1432 


3 










21.3776 7 






























2.18341 




8 


164748 


459 


210681 


9Q703579 


21.4243 7 


7138 


2 


60181 


2.17865 


1443 





16546B 


400 


211000 


97330000 


31.4470 7 


7194 


2 


66276 


2.17391 


1445 


1 


166190 


401 












66370 


2.10930 




3 


166914 


403 


313444 


98011138 


31.4043 7 


7306 


: 


66464 


2.16450 


1451 




167639 








21.5174 7 






































405 












00746 


2.15054 


I46t 


8 




400 


317150 


1011B4000 


31.B870 7 


7539 




66839 











407 




101847503 




7584 




























2.13675 




3 


172021 


469 


219901 


103161709 


21.6664 7 


7895 


2 


07117 


2.13220 


1473 


4 


172787 


470 


220900 


103S23000 


31.6796 7 


7750 


2 


67210 


2 12766 


1476 




173494 


471 




104487IU 










3.12314 


1479 




174234 


473 


333784 


105154048 


21,7260 7 


7860 


S 


i7394 


2.11864 


148S 


i 


174974 


473 


233720 


105833817 


21.7486 7 


7B15 




























2!l0e7O 








476 








8025 




67669 


3.10530 


1492 




177305 


470 


336670 


107850170 


21.8174 7 


8079 




67761 


2.10084 


1495 




177962 




237529 


10S531333 


21.8403 7 




































179451 


479 


230441 


1U0H02239 


21.8801 7 


8243 


3 


68034 


2.08768 


1504 


8 


180303 


480 


230400 


110592000 


31.9089 7 


8397 


2 


08124 


2.08333 


1508 


Q 


I8095S 










8352 






3.07900 






18 171 I 


483 


232324 


111980108 


21.9646 7 


8400 


S 


08305 


2.07469 


1514 




182467 


4S3 


333389 


113078587 


21.Q773 7 


i4oa 




08395 




1517 




























485 








8568 


2 


38574 


2,06186 


152; 




184745 


48S 


230190 


114791350 


33.0454 7 


8022 


: 


OS004 


2.05701 


1520 




185508 


487 


237169 


115S01303 


22.0681 7 






68753 




















: 


G8S43 










4S9 


230131 


110930160 


23-1133 7 


8784 




68931 


3.04499 


1630 




187805 


490 


240100 


117649000 


22.1359 7 


S837 


2 


69030 


2.04063 


1539 




1S8574 
















2.03006 


J542 




189345 


493 


243004 


11000548S 


22.1811 7 


S944 


i 


69197 


3,03253 


1645 




1Q0117 


493 


343049 


119823157 


23.3030 i 


iOOS 




69285 


2.02840 








494 


244030 
























121287375 








89461 








192443 


490 




123033030 


33.3711 3 


3158 


: 


09548 


2.01613 


166* 




103221 


497 


347009 


122763473 








09030 










498 


24S004 


133505993 


23.3159 • 






69723 










499 


340001 


124251499 


22.3383 7 


9317 


3 


09810 


2.00401 


1567 




195666 
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Functions of Nttmbers GOO to 


S49 




1 


,.. 


Sqmn 


c. ' t 


Cubic 


LogariUim' 


tijro^l 


No^DiameW 


areuni.l Am 


BO^ 


250000 


125000000 


22.3607 


7.9370 


3.69897 1 2 


00000 


1570 8 


196350 




















1573 9 


19713S 1 






126508008 


23-4054 








V0070 1 




1577 




197923 , 


503 


25300B 


127263527 


22.4277 


7 


}52a 


2 


70157 1 


98807 






1BS71S 1 


















99413 




















2 






1586 


5 


20oaoe 




50H- 


256036 


120564216 


22.4944 


7 


9686 


3 


70415 1 


}7638 


168C 




2O1D90 




607 


267049 






7 


J739 


2 


70501 1 








2018S* 






























M9 


269081 


I3IS72229 


22.6610 


^ 


9843 


2 


70672 1 


96464 


J599 


1 


203482 




BIO 


280100 


132651000 


22.5832 


7 


9696 


3 


70757 1 


9607S 


1602 


2 


2043S2 






















1606 






612 




134217723 


22.6274 




0000 


3 


70B27 1 




160f 


5 


2068S7 ; 


613 


263169 


136005697 


22.8495 


* 


J052 


2 


71012 1 


M933 






206603 ' 






















i 


207490 ! 








2216936 












1617 


9 


208307 


518 


266266 


137388096 


32.7158 




0208 


2 


71265 1 


93798 


1821 




209117 


517 


267289 


138188413 


22.7376 


S 


0260 




71349 1 


93424 


1624 




20BB3t 












mi 










3 




61Q 


280381 


139798359 


22.7816 






2 


71617 1 


92678 


1630 


5 


2115S6 


520 


270400 


140608000 


23.8035 


s 


0415 


3 


71800 1 


92308 


1633 





212373 : 






141420761 








3 


71684 1 




1638 


i 


213189 




272484 


142236848 


23.8473 


¥ 


0517 


3 


71787 1 


91571 


183t 




214008 


623 


273629 








0569 




71850 1 


91205 






























315651 


625 




144703125 


22.9129 












164t 


3 


2I647S ■. 


528 


378878 




22.9347 


* 


D723 


: 


72099 1 


90114 


1652 








277729 








































1656 




318056 


529 


27B841 


148035889 


33.0000 




0676 


a 


72346 1 


89036 


1681 


9 


210787 


630 


280900 


1*8877000 


33.0217 


s 


0927 


2 


72428 1 


88679 


1685 





320618 


531 














72509 1 




106S 


2 


221452 


632 


283024 


160668788 


23.0661 




1028 


i 


72691 1 


B7970 














23.0868 




1079 


















162273304 
















6 


223901 


535 




153130375 


23.1301 




IISO 


2 
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86916 


1680 


S 
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163990866 


23.1617 


f 


1231 


s 


72916 1 


86567 


1683 





































23! 1948 












1090 


2 


227329 


639 


290621 


158590819 


33.2164 


8 


1382 


2 
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85539 


1603 


3 


228175 


640 


291600 


167464000 


23 2379 




1433 


2 


73239 1 


85 186 


1696 




220032 


541 




168340421 


23.2594 




1483 




73330 1 


84843 


16BB 




220871 


542 


293764 


169220088 


23.2809 


f 


1633 


s 


73400 1 


84502 


1702 








294849 












73480 1 
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170E 




232428 


545 


297026 


161878025 


23.3453 






i 


73840 1 


83486 


1712 




233283 


646 
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162771338 


23.3668 








73719 1 




















1783 












334998 


648 




164566592 






1833 


2 


73878 I 


82482 


1721 




235868 


64fl 


301401 


165469) -"• 


"" "^'' 


8 




2 


73967 1 
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1724 




236720 



MATHEMATICAL TABLES 





PUNCTI0N8 OF NCMBBRa, 550 
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! 
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lOQO 




No. 


&1.™ 


Cube 


■K' 


«uiUun 


Rnipmul 
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a™ 


5G0 


302500 


166375000 


23.452. 


8 1932 2 


~T^ 


1,81818 


1727 9 


237583 










4734 


8;i982 2 


74115 
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8.2031 2 
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1,80832 


1737 


3 


240182 


6S4 
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1,80505 














23 


5584 


8.2180 2 
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241923 




309136 


171879618 


23 


5797 


8.2229 2 








7 


242796 


667 


310249 


172808693 










1,7B533 


I74f 


9 






3U364 
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669 


3I24B1 


174676879 




6432 


8.3377 2 
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2 


245432 


B80 
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23 


6643 


S.2426 2 


74819 
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3 


346301 










6854 


8,3476 2 
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2i 


7065 


8.2524 S 


74974 








248063 


683 


316969 


178453547 


2! 








1^77620 


1768 




248947 


SG4 


318096 










75128 


1.77305 


1771 












2; 


7697 


8.3670 2 


75206 


1.76991 
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320356 


18132 I4B6 


2; 


7008 


8.2719 S 


75282 






I 


251607 
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321489 


182284263 










l!70367 


1781 




252407 




322924 








8.2816 ! 


75435 


1.70058 


1784 






569 


3U3761 
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23.8537 


8.3806 3 


75511 


1.75747 




a 


254281 


670 


324900 
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23.87*7 


8.2013 2 


75587 


1.7543B 


179t 


7 
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8,3063 2 


75664 


1.75131 














23 


B16S 


8.3010 3 


75740 










573 


32833B 
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23 


9374 
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I 
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1.74310 
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3 
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23 
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1.73913 
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8,3203 2 
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333929 
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24 
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24 
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1.72712 
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24 
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I 
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24 
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3 
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205370000 


24,2899 
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5 
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24 
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1881 


* 
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MATHEMATICAL TABLE 



Functions or Nuubsbs, GEO 


1 

TO 699 








t 


Cubia 




1000 




No, 




Cubo 


Rool 


Logsrittm 


















RKipiMSl 


Oreim. 


Are, 


660 


422500 


274625000 


25.4951 


8.6624 


-S1291 


1,53840 


2042.0 


331831 


«61 




275804451 


25.5147 










2045 




3S2S53 


652 


42S104 


277167808 








2.81425 








333876 










8 


6757 


2.81491 


1.53139 


2051 


5 


334901 


es* 




270726264 


25.5734 


( 


8801 


2.81558 


1.52905 


2054 


6 




«55 


4Z9035 


281011375 


25.5930 














336955 


606 


430336 










2181690 




2060 




337985 








25.6320 


8 


6034 


2.81757 


1.52307 


2064 


) 


339016 


658 


432984 


284890313 


25.6515 


i 


007S 




1.51976 








sag 


434281 


28619U70 








2!81B89 






3 


3410S4 


660 


435500 


287496000 


25.6005 


8 


7066 


2.81954 


1.51515 


2073 


5 


342110 


681 


430921 


288804781 


23.7099 
















663 


438244 


290117528 








2!820S6 








344198 


663 


430580 








7108 


2.82151 


1.5Q830 


2082 


> 


345237 


664 


440B06 


202754944 


25.7682 


f 


7241 


2.S2217 


1.50662 


2086 




348279 


665 


442325 


204079823 


25.7878 




7285 


2.82282 




2089 






666 


443556 


















348368 












7373 


2.82413 


1.49935 


200B 




349415 








25.8457 


f 


7416 


2.S2478 


1.407O1 




6 




680 


447561 


200418309 


25.8650 




7460 










351514 


670 


448000 


3007B3000 


2S.8S44 


* 


7503 


2.82607 


1.40354 


2104 


9 


352565 


671 




302III711 


25.0037 




7S47 




1.49031 








67a 


451884 




25.9230 






2.82737 








354673 


673 


452929 


304821217 




^ 




2.82802 


i:4S588 


2114 




365730 








aS.96I5 


8 


7677 




1.48308 


2117 




358788 


675 


456B25 


307546875 


25.0808 


J 


7721 


2.82930 










676 


456076 


308915778 


26.0000 














358908 


677 












2!83Q50 




2126 





359971 








28.0384 


8 


7850 


2.83123 


1.47403 


213C 





381035 


679 


461041 


313046839 


26.0576 


8 


7893 


2.83187 


1.47275 








660 


463400 


314432000 


26 0768 


s 


7937 


2.83251 


1.47050 


2136 


3 


383188 


681 






28.0080 


8 


7080 


2.83315 


1.40843 


213E 
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465124 


317214568 


26.1151 


f 




2.83378 
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318811987 
















386380 
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8109 


2!83506 


1.46100 


214f 


i 


387453 
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321410125 


26.1725 
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2.83569 
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470506 
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28.1016 
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471069 


324242703 










1.45300 
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688 








8 
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2-83759 


1.45340 


2161 




371764 
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327082760 


26.2488 


8 


8323 


2.83822 






6 




60O 


470 I OO 


328509000 


26 2679 


8 
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2.83885 


1.44938 


2167 


7 


373028 


691 






28,2869 


f 
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2.83048 
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i 
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331373888 
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8 
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2.84138 
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378278 
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( 
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2.84388 
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i 
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4SS601 
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CARNEGIE STEEL COMPANY 



V\ NTTU'^Ns OK Numbers, 800 to 849 
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MATHEMATICAL TABLES 



Pdmctions op NuMBEBa, TCO 


TO 7W 


Squan 


c. 


to 


Root 


LiipBithn 


1000 


No-=Di™=l«r j 


Cirram. 


Inu 


562500 


431875000 


27 3Sfll 


0858 


2.87506 


1.33333 


2356,2 


441786 






27 


4044 


fliosoe 


2 


87564 










665504 




27 
















444146 


S670a9 


426967777 












1.32803 


2385 




445328 










9.1017 


3 


87737 


1.32628 


2368 


* 
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430368875 


27 
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9.1067 


2 
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571530 
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9 
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2 
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a 
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685884 
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27 
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27 


9568 


























a 
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2 
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27 
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3 
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27 
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3062 


2 
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27 
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6U524 


478211768 


27 


0643 


0.2130 














813080 


480048687 












l!27714 






481519 








M)00 


9^2209 


2 


89432 


1.27551 


24W 





482750 


61G22& 


483736625 




0179 


9.3348 


2 


i04S7 


1.27380 






483982 


617708 


485687666 


2! 


0367 


9.2387 


2 












619360 


487443403 


28 




0.3326 




19597 


l!27065 






486451 




480303872 


28 




0.2365 


! 


89653 


1.26904 


2475 


6 


487888 


622621 


491180069 


28^91 


9.2404 


2 


8970S 


1.26743 


2478 


7 


4SS027 


624100 


403039000 


28.1069 


9.2443 


2 


80783 


1.26582 


2481 


9 


490167 






28 


1247 


9.3482 


2 


8S818 


J.26422 






401400 


6272e4 


406703033 


3t 


14B5 


0.252 1 
















498077357 














2401 


















89983 


1.25945 


2404 




405143 




602459875 


K 


1967 


0.2638 


2 


J0037 


1.267S8 






496391 


633618 


60435S336 


28^135 


0.2677 






1.26628 








636200 














2503 


8 


498892 


636804 


608169692 


28.2480 


9.3754 




90200 


1.25313 


2507 





600145 


638101 


510082399 


28,2666 0.2703 


2 


00355 


1.25156 


2610 







CARNBQIE STEEL COMPANY 







Functions of 


Numbers, 800 


TO 849 










Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No — ^Diameter 


No. 


CircTiin. Area 


- 


800 


640000 


612000000 


28.2843 


9.2832 


2.90309 


1.26000 


2613.3 


602655 


801 


641601 


513922401 


28.3019 


9.2870 


2.90363 


1.24844 


2616.4 


603912 , 


802 


643204 


515849608 


28.3196 


9.2909 


2.90417 


1.24688 


2619.6 


505171 


803 


644809 


517781627 


28.3373 


9.2948 


2.90472 


1.24533 


2522.7 


606432 


804 


646416 


519718464 


28.3649 


9.2986 


2.90526 


1.24378 


2626.8 


607694 


805 


648025 


521660125 


28.3725 


9.3026 


2.90580 


1.24224 


2629.0 


608958 


806 


649636 


523606616 


28.3901 


9.3063 


2.90634 


1.24069 


2632.1 


610223 


807 


651249 


625557943 


28.4077 


9.3102 


2.90687 


1.23916 


2636.3 


611490 


808 


652864 


627614112 


28.4253 


9.3140 


2.90741 


1.23762 


2638.4 


612758 




809 


654481 


529476129 


28.4429 


9.3179 


2.90796 


1.23609 


2641.6 


614028 




810 


656100 


631441000 


28.4606 


9.3217 


2.90849 


1.23467 


2644.7 


515300 




811 


657721 


633411731 


28.4781 


9.3255 


2.90902 


1.23306 


2647.8 


516573 , 


812 


659344 


535387328 


28.4956 


9.3294 


2.90966 


1.23163 


2661.0 


617848 




813 


660969 


537367797 


28.5132 


9.3332 


2.91009 


1.23001 


2664.1 


519124 




814 


662596 


639353144 


28.6307 


9.3370 


2.91062 


1.22860 


2657.3 


520402 




815 


664225 


641343375 


28.6482 


9.3408 


2.91116 


1.22699 


2660.4 


621681 


816 


665856 


643338496 


28.5657 


9.3447 


2.91169 


1.22549 


2663.6 


622962 i 


817 


667489 


645338513 


28.5832 


9.3485 


2.91222 


1.22399 


2666.7 


524245 




818 


669124 


547343432 


28.6007 


9.3523 


2.91276 


1.22249 


2669.8 


525529 




819 


670761 


649363269 


28.6182 


9.3661 


2.91328 


1.22100 


2673.1) 


526814 


820 


672400 


661368000 


28.6356 


9.3599 


2.91381 


1.21961 


2676.1 


528102 


821 


674041 


553387661 


28.6531 


9.3637 


2.91434 


1.21803 


2579.2 


529391 




822 


675684 


555412248 


28.6705 


9.3675 


2.91487 


1.21665 


2682.4 


530681 




823 


677329 


657441767 


28.6880 


9.3713 


2.91640 


1.21607 


2686.6 


531973 




824 


678976 


559476224 


28.7054 


9.3751 


2.91693 


1.21369 


2688.7 


533267 




825 


680625 


561515625 


28.7228 


9.3789 


2.91645 


1.21212 


2591.8 


534562 




826 


682276 


563559976 


28.7402 


9.3827 


2.91698 


1.21065 


2596.0 


535858 


827 


683929 


665609283 


28.7576 


9.3866 


2.91761 


1.20919 


2698.1 


537157 


828 


685584 


667663552 


28.7750 


9.3902 


2.91803 


1.20773 


2601.2 


538456 




829 


687241 


569722789 


28.7924 


9.3940 


2.91855 


1.20627 


2604.4 


539758 




830 


688900 


671787000 


28.8097 


9.3978 


2.91908 


1.20482 


2607.5 


541061 




831 


690561 


573856191 


28.8271 


9.401G 


2.91960 


1.20337 


2610.7 


542365 




832 


692224 


675930368 


28.8444 


9.4053 


2.92012 


1.20192 


2613.8 


543671 


833 


693889 


678009537 


28.8617 


9.4091 


2.92065 


1.20048 


2616.9 


544979 


834 


695556 


680093704 


28.8791 


9.4129 


2.92117 


1.19904 


2620.1 


546288 


835 


697225 


582182875 


28.8964 


9.4166 


2.92169 


1.19760 


2623.2 


547599 ' 


836 


698896 


684277056 


28.9137 


9.4204 


2.92221 


1.19617 


2626.4 


548912 


837 


700569 


586376253 


28.9310 


9.4241 


2.92273 


1.19474 


2629.6 


550226 




838 


702244 


588480472 


28.9482 


9.4279 


2.92324 


1.19332 


2632.7 


551541 


839 


703921 


590589719 


28.9655 


9.4316 


2.92376 


1.19190 


2635.8 


552858 1 


840 


705600 


592704000 


28.9828 


9.4354 


2.92428 


1.19048 


2638.9 


554177 , 


841 


707281 


594823321 


29.0000 


9.4391 


2.92480 


1.18906 


2642.1 


555497 , 


842 


708964 


596947688 


29.0172 


9.4429 


2.92531 


1.18766 


2646.2 


556819 


843 


710649 


699077107 


29.0345 


9.4466 


2.92583 


1.18624 


2648.4 


558142 1 


844 


712336 


601211584 


29.0517 


9.4503 


2.92634 


1.18483 


2661.6 


559467 


845 


714025 


603361125 


29.0689 


9.4541 


2.92686 


1.18343 


2664.6 


660794 1 


846 


715716 


605495736 


29.0861 


9.4578 


2.92737 


1.18203 


2667.8 


662128 1 


847 


717409 


607645423 


29.1033 


9.4615 


2.92788 


1.18064 


2660.9 


663452 1 


848 


719104 


609800192 


29.1204 


9.4652 


2.92840 


1.17926 


2664.1 


664783 1 


849 


720801 


611960049 


29.1376 


9.4690 


2.92891 


1.17786 


2667.2 


666116 


1 
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" 








•s 




lODO 


No.— Diuaeto 


Ha. 


*<"" 


Cuta 


te 


LogK^thm 


Ruciproc*] 






Orcuffi- 


a™ 


950 


902500 


857375000 


30.8221 


0-8305 


2,97772 


1.05263 


2084,5 


708822 






















»53 


906304 
















711809 


SS3 


908209 


885523177 


30.8707 


9-8408 






1,04032 


2993.9 


713306 


954 


910116 


808250664 


30.8869 


9-8443 


: 


97055 


1.04822 


2007,1 




ass 


91S02S 


8709S3876 








98000 


1.04713 






956 


















717804 


967 


915849 


876467493 


30-9354 


9,8546 




98001 


1.04403 


3006-5 


710306 




917794 


879217012 


30.9516 


0.8580 


: 


08137 


1.04384 


3009.6 




959 


019681 




30-0677 






98182 






722316 


960 


021600 


884736000 


30-0839 


9,804,8 


2 


98237 


1-04167 


3015.9 


723823 


961 


923B21 


887503681 








98272 








962 




















963 


927360 


893056347 


31.0322 










3025.4 


728354 


9M 


029296 


805341344 


31.0483 


0.8785 


i 


08408 


1.03734 


3028.5 


729867 


96S 


931225 


898S32125 










J. 03627 


3031-6 




966 


















732899 


967 


935080 


004231063 


31.0966 


8883 






J. 03413 


3037.9 


734417 


96S 


037024 


007039132 


,31.1127 


0„'*022 


S 


08588 


1.03306 




735937 


969 


938961 


009853209 








98632 




3044^2 




970 


940000 


012673000 


31.1448 


0-8090 


: 


98677 


1-03093 


3047-3 


738981 




042841 


915498611 


31.1609 






98722 


1.02987 


























973 




921167317 












3056,8 


743559 


97* 


948676 


924010424 


31,2090 


0.0126 


i 


98856 


1-02669 


3050,0 


745088 




950025 


926859375 


31.2250 


0,9100 




O8900 








976 




















977 




932574833 










1.02354 


3069.3 


740685 


97S 


056484 


035441352 


31-2730 


9,0261 


2 


90034 


1.02240 


3072.5 






95844 1 


938313730 


31.2890 






9907S 






762753 


980 


960400 


041192000 


31.3050 


9.0320 


2 


90123 


1-02041 


3078.8 


754200 




062361 


944076141 


31.3200 


9-9363 




90167 


1.01037 






982 


954324 










90211 








983 


066289 










99255 






758022 


984 


068258 


052763004 


31-3688 


0,9464 


i 


90300 


1.01626 


3091.3 


760466 




0702^5 


05567 1B25 


31.3847 






99344 








OSB 




















987 




061504B03 


31.4166 


0,9565 




99432 


1,01317 


3100,8 


7US111 




07U144 


064430272 


31.4325 


9,9593 


: 


00476 


1.01215 




766662 


989 
















3107^0 




990 


080100 


970200000 


31,4643 


9,9666 


2 


99564 


1-01010 


3I102 


760769 


091 


982081 


073242271 


31.4802 


9,9609 






i.oonoa 






992 




















993 


986049 










99695 










08803(1 


982107784 


31,5278 


9:080O 


; 


00730 


1-00604 


3122.7 


776002 


995 




P85074875 








99782 


1.00503 






996 




















B97 


994O0H 




31.5753 


9-9000 


; 


09870 


1.00301 


3132.2 


780693 


009 




0D4011002 


31 5911 






09957 






782280 



CARNBQIB STEBL COMPANY 



Functions op Numbers, 900 to 949 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No.=3Diaineta^ 


Circnm. 


Area 


900 


810000 


729000000 


30.0000 


9.6549 


2.95424 


1.11111 


2827.4 


636173 


901 


811801 


731432701 


30.0167 


9.6585 


2.96472 


1.10988 


2830.6 


637587 


902 


813604 


733870808 


30.0333 


9.6620 


2.95521 


1.10865 


2833.7 


639003 


903 


815409 


736314327 


30.0500 


9.6656 


2.95569 


1.10742 


2836.9 


640421 


904 


817216 


738763264 


30.0666 


9.6692 


2.95617 


1.10619 


2840.0 


641840 


905 


819025 


741217625 


30.0832 


9.0727 


2.95666 


1.10497 


284S.1 


643261 


906 


820836 


743677416 


30.0998 


9.6763 


2.95713 


1.10375 


2846.3 


644683 


907 


822649 


746142643 


30.1164 


9.6799 


2.95761 


1.10254 


2849.4 


646107 


908 


824464 


748613312 


30.1330 


9.6834 


2.96809 


1.10132 


2852.6 


647533 


909 


826281 


751089429 


30.1496 


9.6870 


2.95856 


1.10011 


2856.7 


648960 


910 


828100 


753571000 


30.1662 


9.6905 


2.95904 


1.09890 


2858.8 


650388 


911 


829921 


756058031 


30.1828 


9.6941 


2.95952 


1.09769 


2862.0 


651818 


912 


831744 


758550528 


30.1993 


9.6976 


2.95999 


1.09649 


2865.1 


653250 


913 


833569 


761048497 


30.2159 


9.7012 


2.96047 


1.09529 


2868.3 


654684 


914 


835396 


763551.944 


30.2324 


9.7047 


2.96095 


1.09409 


2871.4 


656118 , 


915 


837225 


766060875 


30.2490 


9.7082 


2.96142 


1.09290 


2874.6 


657555 


916 


839056 


768575296 


30.2655 


9.7118 


2.96190 


1.09170 


2877.7 


658993 


917 


840889 


771095213 


30.2820 


9.7153 


2.96237 


1.09051 


2880.8 


660433 1 


918 


842724 


773620632 


30.2985 


9.7188 


2.96284 


1.08932 


2884.0 


661874 


919 


844561 


776151559 


30.3150 


9.7224 


2.96332 


1.08814 


2887.1 


663317 


920 


846400 


778688000 


30.3315 


9.7259 


2.96379 


1.08696 


2890.3 


664761 


921 


848241 


781229961 


30.3480 


9.7294 


2.96426 


1.08578 


2893.4 


666207 


922 


850084 


783777448 


30.3645 


9.7329 


2.96473 


1.08460 


2896.5 


667654 


923 


851929 


786330467 


30.3809 


9.7364 


2.96520 


1.08342 


2899.7 


669103 


924 


853776 


788889024 


30.3974 


9.7400 


2.96567 


1.08225 


2902.8 


670554 


925 


855625 


791453125 


30.4138 


9.7435 


2.96614 


1.08108 


2906.0 


672006 , 


926 


857476 


794022776 


30.4302 


9.7470 


2.96661 


1.07991 


2909.1 


673460 


927 


859329 


796597983 


30.4467 


9.7505 


2.96708 


1.07875 


2912.3 


674915 ; 


928 


861184 


799178752 


30.4631 


9.7540 


2.96755 


1.07759 


2915.4 


676372 


929 


863041 


801765089 


30.4795 


9.7575 


2.96802 


1.07643 


2918.5 


677831 


930 


864900 


804357000 


30.4959 


9.7610 


2.96848 


1.07527 


2921.7 


679291 


931 


866761 


806954491 


30.5123 


9.7645 


2.96895 


1.07411 


2924.8 


680752 


932 


868624 


809557568 


30.5287 


9.7680 


2.96942 


1.07296 


2928.0 


682216 


933 


870489 


812166237 


30.5450 


9.7715 


2.96988 


1.07181 


2931.1 


683680 


934 


872356 


814780504 


30.5614 


9.7750 


2.97035 


1.07066 


2934.2 


685147 


935 


874225 


817400375 


30.5778 


9.7785 


2.97081 


1.06952 


2937.4 


686615 


936 


876096 


820025856 


30.5941 


9.7819 


2.97128 


1.06838 


2940.5 


688084 


937 


877969 


822656953 


30.6105 


9.7854 


2.97174 


1.06724 


2943.7 


689555 


938 


879844 


825293672 


30.6268 


9.7889 


2.97220 


1.06610 


2946.8 


691028 


939 


881721 


827936019 


30.6431 


9.7924 


2.97267 


1.06496 


2950.0 


692502 i 


940 


883600 


830584000 


30.6594 


9.7959 


2.97313 


1.06383 


2953.1 


693978 ' 


941 


885481 


833237621 


30.6757 


9.7993 


2.97359 


1.06270 


2956.2 


695455 


942 


887364 


835896888 


30.6920 


9.8028 


2.97405 


1.06157 


2959.4 


696934 


943 


889249 


838561807 


30.7083 


9.8063 


2.97451 


1.06045 


2962.5 


698415 


944 


891136 


841232384 


30.7246 


9.8097 


2.97497 


1.05932 


2965.7 


699897 


945 


893025 


843908625 


30.7409 


9.8132 


2.97543 


1.05820 


2968.8 


701380 ; 


946 


894916 


846590536 


30.7571 


9.8167 


2.97589 


1.05708 


2971.9 


702865 


947 


896809 


849278123 


30.7734 


9.8201 


2.97635 


1.05597 


2975.1 


704352 


948 


898704 


851971392 


30.7896 


9.8236 


2.97681 


1.05485 


2978.2 705840 


949 


900601 


854670349 


30.8058 


9.8270 


2.97727 1 1.05374 


2981.4 707330 
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Functions of Numberr, 950 to 999 














1000 


No. =33 Diameter 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


X 














" 


Reciprocal 


Circum. 


Area 


350 


902500 


857375000 


30.8221 


9.8305 


2.97772 


\ 
1.05263 


2984.5 


708822 


351 


904401 


860085351 


30.8383 


9.8339 


2.97818 


1.05152 


2987.7 


710315 


352 


906304 


862801408 


30.8545 


9.8374 


2.97864 


1.05042 


2990.8 


711809 


353 


908209 


865523177 


30.8707 


9.8408 


2.97909 


1.04932 


2993.9 


713306 


354 


910116 


868250664 


30.8869 


\fm0^rxnj 


2.97955 


1.04822 


2997.1 


714803 


955 


912025 


870983875 


30.9031 


9.8477 


2.98000 


1.04712 


3000.2 


716303 


956 


913936 


873722816 


30.9192 


9.8511 


2.98046 


1.04603 


3003.4 


717804 


957 


915849 


876467493 


30.9364 


9.8646 


2.98091 


1.0^93 


3006.5 


719306 


958 


917764 


879217912 


30.9616 


9.8580 


2.98137 


1.04384 


3009.6 


720810 


959 


919681 


881974079 


30.9677 


9.8614 


2.98182 


1.04275 


3012.8 


722316 


960 


921600 


884736000 


30.9839 


9.8648 


2.98227 


1.04167 


3015.9 


723823 


961 


923521 


887503681 
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spedflcations for steel structures. 168-164 

standard spedflcations 4-57 

boiler and fire box steel 38-42 

boiler rivet steel for locomotives 43-46 

nickel steel, structural 47-53 

reinforcement bars, billet steel 54-57 

ship rivet steel * 33-37 

structural steel for bridges ^10 

buildings 11-16 

cars 22-27 

locomotives 17-21 

ships 28-32 

Anchors standard wall and pier anchors 249 I 

Anfflea elements of sections 171, 184-189/' 

profiles, dimensions and weights 90-97 > 

safe lo9.ds, explanatory notes 212 | 

safe load tables 236-240 ! 

standard connections 246, 247 ', 

structural details for pimching and riveting. 252-254 

tension values 260-262 

radii of gyration 173, 200-202 

explanatory notes 326-328 

terra cotta, safe load tables and weights 329-332 

Areas circles, diameters 1 to 099 400-419 

circular segments 394-397 

method of increasing sectional areas 59 

net areas of angles 260-262 

plane figures 391 

rectangular sections 116-118 

reduction of area for rivet holes. 254 

square and round bars 122, 123 

structural shapes 174-195 

surface of solids 398, 399 



AnJBTles, Back to Back 
Arches, Floor Arches . 



Band Edge Flats 
Bare 



list of sizes 114 

cold twisted square bars, sizes and weights 124 

concrete reinforcement bars, sizes and weight8l24-133 

eye bars, sizes and dimensions 150 

hanger bars, sizes and weights 133 

lattice bars, dimensions for columns 162 

merchant bars, list of sizes ^. .114, 115 

rounds and squares, weights and areas 122, 123 

splice bars, profiles, dimensions and weights. .138,139 
standard test bars, see A. S. T. M. Specifications 4-57 

tension values, rounds and squares 263 

upset screw ends, sizes and dimensions. ....... 148, 149 
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Beuii% H-BesniB see H-Beams 71, 179» 230, 296 

I-Besms bending moments, tables 219« 220 

common dimensions 60 

details, connection angles 246,247 

bearing plates 250 

separators 248 

*' standard gages for punching 243, 244 

elements of sections 170, 174, 175 

grillage, notes and calculations 264-268 

profiles, weights and dimensions 61-70 

safe loads, explanation of tables 212-218 

safe load tables 222-229 

web resistance, tables 219, 220 

Beam ColumnB safe load tables 296 

Beam C^irden explanatory notes 269 

safe load tables 270. 271 

Beam StieMes explanatory notes 203-205, 212-218 

bending stresses 203, i204 

buckling stresses.'. 216, 217 

deflection, lateral 160,204, 214 

vertical 208-218 

flexure formulas for various loading conditions. . 206-21 1 

impact stresses 214, 215 

shearing stresses, longitudinal and vertical . 203, 215, 216 
tensUe and compressive stresses 204 

Bearing Plates explanatory notes 250 

safe resistance 251 

standard for beams 250 

Bearing Values pins and rivets, explanatory notes 255 

pins, tables 258 

rivets, tables 256, 257 

Bendinff Moments explanatory notes 203 

beams, tables 219, 220 

channels, tables 221 

pins, tables 259 

various loading conditions, formulas 208-211 

Bolts standard dimensions 144, 145 

screw threads, standard dimensions 144, 145 

weights, bolts with hexagon heads and nuts . . . 147 
weights, bolts with square heads and nuts 146 

Bolt Heads and Nuts. . . standard dimensions 144, 145 

weights 146, 147 

Buckle Plates explanatory notes 340 

safe load table 340 

sizes and dimensions 341 

Bncklinff of Webs explanatory notes 216-218 

web resistance of beams and channels, tables .219-221 

Bnildinff Laws extract, from building laws of various cities . . . 324 

Bulb Sections. bulb angles, bulb beams 72-80, 179-183 

angles, elements 180-183 

" proflles, weights and dimensions 73-80 

beams, elements 179 

'• proflles, weights and dimensions 72 
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Cast Iron Colniniis .... allowable unit stresses 320 

hollow round and square, elements 198, 199 

" " " safe loads 321, 322 

CeUinss deflection of plastered ceilings 212, 213 

weight of ceilings 332 

Center of Gravity see Neutral Axis 166-171, 174-197 

ChanneU, Ship and Car. elements of sections - 177, 178 

profiles, weights and dimensions 85-89 

Channels, Structural. . . bending moments, table 221 

common dimensions 60 

details, standard gages for punching 245 

elements of sections 170, 176-178 

profiles, weights and dimensions 81-89 

safe loads, explanation of tables 212-218 

safe load tables 231-235 

web resistance, table 221 

Checkered Plates elements and safe loads 344 

profiles, weights and dimensions 110 

Circles areas and circiunferences, dia. 1 to 999 400-419 

properties of the circle 390 

Circular Plates extreme sizes, carbon steel Ill, 112 

Circular Segments areas, tables of coefficients 394-397 

Clevises sizes and weights 152 

Coefficients circular segments 395-397 

deflection under uniform load 213 

expansion due to heat 377 

Cold Twisted Squares. . . sizes and weights 124 

Columns, Cast Iron .... allowable unit stresses 320 

hollow round and square, elements 198, 199 

" safe loads 321,322 

Columns, Steel explanatory notes 291-293 

calculation of elements 172, 173 

•* "stresses 293 

compression formulas 294, 295 

elements, angle and plate columns 309-3 lU 

" channel and plate columns . . « 297-30S 

** miscellaneous beam colmuns 296 

safe loads, angle and plate colunms 309-316 

** ** channel and plate columns 297-308 

** ** miscellaneous beam colunms 296 

typical details for mill and office buildings 317-319 

Columns, Wood allowable unit stresses 367 

square and round, safe loads 368, 369 

Compound Sections .... calculation of elements 172, 173 

Concrete, Masonry strength, unit fiber stresses 376 

specific gravity and weight 371 

Concrete, Reinforced . . . explanatory notes 333-337 

beams and slabs, formulas 333-336 

bending moments of slabs 338 

columns, formulas 336 

reinforcements, deformed bars, etc 124-133 

'* roimd and square bars. 122, 123 

triangle mesh 839 
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CoiuMctkMi Aiii^oi standard for beams 246, 247 

Construction Specifns. . American Bridge Ck>mpany 158-164 

ConTenion Tables measures, metric and U. S. Standard 378-389 

CoiTogated Plates elements of sections 194 

profiles, weights and dimensions 109 

assembled sections, elements and safe loads. . 343 

Corrugated Sheets explanatory notes 352 

sizes and weights 353 

Cotter Pins sizes and dimensions 154 

Cross Tie Sections elements of sections 193 

profiles, weights and dimensions 134, 135 

safe load tables 230 

Cubes and Cube Roots . . numbers 1 to 999 400-419 

Decimal Table equivalents of an inch and of a foot 429 

Deflection, Lateral explanatory notes and formula 160, 204, 214 

Deflection, Vertical. . . . explanatory notes 204,212 

coefficients, calculation and table 213 

coefficients for beams and channels . . 222-226, 230-233 

limit for plastered ceilings 212 

formulas for loading imder various conditions . 208-211 
Deformed Ban sizes and weights 124-131 

Elasticity elastic limit of substances 374,375 

modulus of elasticity of substances . . 206, 359, 374-376 

Elements of Sections. . . explanatory notes 165 

formulas for calculation of elements 166-173 

structural shapes 174-202 

Equivalent Measures. . . metric and U. S. standard 378-389 

Expansion; Heat table of coefficients 377 

Eye Bars sizes, dimensions and weights 150 

Fiber Stresses concrete, reinforced concrete 376 

masonry, stone 376 

metals, alloys 374, 375 

miscellaneous substances 376 

structural steel 158. 159, 375 

structural timber 359 

Fireproof Floors see Floor Construction 323-339 

Flat Rolled Steel iist of sizes , 111-114 

tables of weights 119-121 

Flexure of Beams explanatory notes and formulas 203-211 

Floor Construction .... explanatory notes 323-328 

fireproof floor systems 325, 326 

live loads, various building laws 324 

reinforced concrete beams and slabs 333-339 

terra cotta arches, safe loads and weights 329-332 

thrust in arches 326-328 

Floor Plates buckle plates 340, 341 

checkered plates 344 

corrugated plates, assembled 343 

trough plates, assembled 342 
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Formnkw bending moments and deflection 206-211 

elements of sections 166-173 

geometric and trigonometric 390-^304. 398. 399 

roof trusses, stresses and length of members. .348-351 

stresses in beams, bending 203-205 

•* " •* buckling 216,217 

•* •* impact 214,215 

** ** ** shearing 215,216 

stresses in columns, cast iron 320 

structural steel 294,295 

structural timber 359 

stresses in bearing plates and steel slabs . . 250, 264, 265 
Fanctioiia numbers 1 to 999 400-^19 

trigonometric 420-425 

I 
i 

Gasefl specific gravity and weight 370 | 

Gaffes angles, for punching 246 

beams, for punching 243, 244 

Birmingham wire gage 426 | 

channels, for punching 245 j 

comparative table of various gages 428 

United States standard gage 427 

Gage Variation steel plates, see A. S. T. M. Specifications . . . .' - 4-57 

Girders explanatory notes 260 

angle and plate girders, safe loads 272-290 

beam and plate girders, safe loads 270, 271 

elements of compoimd sections 172, 173 

grillage foundations 264-268 

Grillage Foundations . . explanatory notes and calculation. . .> 264-268 

Grips of Rivets length of field rivets 156 

H'Beams beam safe load tables 230 

colimm safe load tables 296 

elements of sections 179 

profiles, dimensions and weights 71 

Half Rounds list of sizes 115 

Hexagons list of sizes 115 

Hollow Sections rounds and squares, elements 108, 199 

cast iron columns 320-322 



Impact Stresses effect on beams 214, 215 

Increase of Sections . . . method of rolling 59 i 
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Lateral Deflection explanatory notes and formula 160, 204, 214 

Lattice Bars dimensions for coliunns 162 

Liquids coefficients of expansion 377 

specific gravity and weight 370 

Live Loads, Floors .... building laws of various cities 324 

Logarithms numbers 1 to 999 400-419 

Lonffitudinal Shear .... explanation and formula 215, 216 

Loop Rods . sizes and dimensions 151 
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Masoniy and Stone coefficients of expansion 377 

specific gravity and weight 371 

.strength, unit fiber stresses 376 

Bfatorials coefficients of expansion 377^ 

specific gravity and weight 370-373 

strength, unit fiber stresses 374-376 

Measures and Weii^ts. . equivalents of U. S. and metric 378-389 

Mensuration mathematical formulas 390-399 

Metals and Alloys coefficients of expansion 377 

specific gravity and weight 370 

strength, unit fiber stresses 374, 375 

Metric Tables weights and measures 378-389 

Minerals specific gravity and weight 371 

Modulus of Elasticity . . various substances 206, 359, 374-376 

Moments of Inertia .... definition and formulas 165-171 

structural sections, tables 174-197 

Neutral Axis deQnition and formulas 165-171 

structural shapes^ tables 174-19t 

Nuts dimensions and weights 144-147 

recessed pin nuts, sizes and dimensions 154 

sleeve nuts, sizes and dimensions 153 

Nut Steel Flats list of sizes 114 

Ordering Materials general instructions 58 

Piling, Steel Sheet explanatory notes 354-356 

elements, rolled and assembled sections 194, 357 

profiles, rolled sections 108 

Pins explanatory notes 255 

bearing values, tables 258 

bending moments, tables 259 

cotter pins, sizes and dimensions 154 

Pipe black and galvanized 142, 143 

Plato Girders see Gh^ers 172, 173.264-290 vK 

Plates, Flat Rolled Steel, extreme sizes 111-113 

carbon steel, sheared, rectangular and circular . Ill, 112 

. universal rectangular Ill 

nickel steel, sheared, rectangular 113 

" , universal, rectangular 113 

Plates, Floor Plates. . . . buckle plates, explanatory notes and sizes 340. 341 

checkered plates, elements and safe loads 344 

profiles, weights, dimensions 110 

corrugated plates, elements and safe loads 194. 343 

profiles, weights, dimensions 109 

trough plates, elements and safe loads 194. 342 

profiles, weights, dimensions ... . 109 

Plates, Wall Plates see Bearing Plates 250. 251 

Profiles of Sections. . . . dimensions and weights 61-110. 124-141 

Punching details for pimching and riveting 252-254 

construction specifications 163 

Purlins explanatory notes 847 
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Badlns of Gyration ■ • . . definition 165 

angles back to back, tables 200-202 

formulas for elements of sections 160-173 

structural shapes, tables 174-195 

Kails elements of A. R. A. and A. S. O. B. sections 195 

profiles, weights and dimensions 136, 137 

Rails and Accessories . . weights and dimensions 140 

Rail Clips profiles, dimensions and weights 141 

Ratio of Slendemess . . . definition 291 

unit stresses for compression formulas 294 

Recessed Pin Nats sizes and dimensions 154 

Reciprocals nimibers 1 to 999 400-419 

Rectanffnlar Plates extreme sizes, carbon-and nickel steel 111-113 

Rectanffular Sections. . . areas.. 116-118 

moments of inertia 196, 197 

Reinforced Concrcgte ... see Concrete. Reinforced 122-133, 333-339 

Rivetinff construction specifications 161. 162 

details for punching and rivetlDg 252-254 

Rivets areas of rivet l^oles 254 

conventional signs 252 

dimensions 155 

lengths for various grips 156 

stresses, shearing and bearing values 255-257V^ 

structural details for riveting 252-254 

weights 157 

Roofs explanatory notes 345-347 

live loads, building laws of various cities 324 

snow and wind loads 345 

trusses, stresses and length of members .348-351 

weights, roof covering and roof trusses 346. 347 

Screw Threads Franklin Institute, U. S. and A. B. Co. standards 144 

Section Modulns definition and formulas 165-173 

structural shapes 174-195 

Seffmenta, Circular .... coefficients of areas 395-397 j 

Separators standard for beams 248 | 

Shearing Stresses longitudinal and vertical 203. 215, 216 

Sheared Plates extreme sizes, carbon-and nickel steel 111-113 

Shearing Values, Rivets, tables 256. 257 

Ship and Car Channels, see Channels, Ship and Car 85-89. 177. 178 

Skelp list of sizes 114 

Sleeve Nuts sizes and dimensions 153 

Snow Loads roofs and trusses 345 

Specifications American Bridge Company 158-164 

American Society for Testing Materials 4-57 

Specific Gravity various substances 370, 371 

Splice Bars elements of A. R. A. and A. S. C. E. sections 195 

profiles, dimensions and weights 138, 139 

Square and Round Bars area and weight 122. 123 

Square Edge Flato list of sizes 114 

Squares. Square Roots . numbers 1 to 999 400-419 

Strenirth of Materials . . unit fiber stresses 374-376 

Stresses see Beam Stresses 160, 203-218 
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elements of sections 171. 100, 191 

profiles, weights and dimensions 98-105 

safe load tables 241 

Terra Cotta arches, ceilings, furring, partition, roofing 32&-332 

Test Bars standard, see A'. S. T. M. Specifications 4-57 

Threads length of bolt threads 145 

standard dimensions of screw thread 144 

Thrust in Arches effect in floor construction 326-328 

Tie Rods length and weight 249 

spacing 328 

Timber, Structural .... A.R.E.A. unit stresses and explanatory notes. 358, 359 

beams, deflections, limiting loads and spans, . . 361 

'* explanatory notes 360 

safe load tables 362-366 

coefficients of expansion 377 

columns, explanatory notes 367 

safeload tables 368, 369 

specific gravity and weight 370 

Triangle Mesh concrete reinforcement 339 

Trigonometric Formulas functions Of angles and triangles 392, 393 

Trigonometric Functions natural 420-425 

Trough Plates elements of sections 194 

profiles, weights and dimensions 109 

riveted sections, elements and safe loads 342 

Trusses explanatory notes 347 

stresses and length of members 348-351 

weights of trusses 347 

Tumbuckles size and dimensions 153 



Unit Stresses see Fiber Stresses 158, 159, 359, 374-376 

Universal Mill Plates. . . extreme sizes, carbon- and nickel steel 111,^113 

Upset Screw Ends square and round bars 148. 149 



Vertical Shear explanation 215 

formulas for various conditions of loading 207-211 

Volume'and Surface . . . solids 398, 399 

Web Resistances beams and channels 219-221 

Weiffhte flat rolled steel, tables 119-121 

rounds and squares 122, 123 

shapes 61-110, 124-141 

various substances 370-373 

Weiffhto and Measures. . metric and U. S. Standard 378-391 

Wind Loads, Pressure. . building specifications of various cities 324 

roofs and trusses 345 

Wire and Sheet Metal . . standard gages 426-428 

Wooden Beams, Columns see Timber, Structural 360-367 

Zee Bars elements of sections 170, 192 

profiles, weights and dimensions 106, 107 

safe load tables 242 
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PRODUCTS 

Pig Iron and Furnace Produgts 

Ferro Manganese and Spiegeleisbn 

* Open-Hearth and Bessemer Steel, Alloy Steels 

Ingots, Billets, Blooms, Slabs, Sheet Bars 

Armor and Vault Plate 

Plates for Bridges, Ships, Tanks, Boilers, and Cars 

Rolled Structural Shapes 
Beams, Channels, Angles, Tees, Zees 
• Steel Mine Timbers and Steel Sheet Piling 

Bar Mill Products 

Concrete Reinforcement Bars, Agricultural Shapes 

Miscellaneous and Special Shapes 

Electric Tool Steels 

Merchant Bars 

Squares, Rounds, Half Rounds, Hexagons, Ovals, Half Ovaj 

Flats, Skelp, Bands, Hoops, Cotton Ties 

Hoops for Slack Barrel Cooperage 

Tire and Vehicle Spring Steel 

Track Material 

Rails and Splice Bars, Duquesne Rail Joints, 

Track Accessories, Steel Cross Ties 

Forcings 

Standard Forged and Heat-Treated Axles 

Connecting Rods, Crank Shafts, and Arch Bars 

Forged and Rolled Wheels, Gear Blanks, 

Automobile Fly Wheels, Pipe Flanges, Shaft Couplings 

Locomotive Pistons 
Derricks and Drilling Rigs 
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COKE WORKS 



Clairton By-Product Coke WorJcs. Clalrton, Pa. 

Farrell By-Product Coke Works. Farrell, Pa. 

BLAST FURNACES 

Carrie Furnaces Rankin, Pa. 

Edith Furnace Pittsburgli, N. S., Pa. 

Isabella Furnaces Etna, Pa. 

Lucy Furnaces Pittsburgh, Pa. 

Neville Furnace Neville Island, Pa. 

Nlles Furnace Niies, O. 

Steubenville Furnace Steubenvllle, O. 

Zanesviile Fuma,ce Zanesville, O. 

STEEL WORKS, FURNACES AND ROLLING. MILLS 

Bellaire Steel Works and Furnaces Bellaire, O. 

Clairton Steel Works and Furnaces '. . . Clairton, Pa. 

Columbus Steel Works and Furnaces Columbus, O. 

Duquesne Steel Works and Furnaces South Duquesne, Pa. 

Edgar Thomson Steel Works and Furnaces Bessemer, Pa. 

Farrell Steel Works and Fuma<;es Farrell, Pa. 

Homestead Steel Works Munhall, Pa. 

Min^o Steel Works and Furnaces Mingo Junction, O. 

New Castle Steel Works and Furnaces New Castle, Pa. 

Ohio Steel Works and Furnaces Yoimgstown, O. 

Sharon Steel Works and Furnace Sharon, Pa. 

ROLLING MILLS 

Clark Mills Pittsburgh, Pa. 

Greenville Mills Greenville, Pa. 

McCutcheon Mills Pittsburgh, N. S., Pa. 

McDonald Bar Mills McDonald, O. 

Monessen Mills Monessen, Pa. 

Pamter MiUs Pittsburgh, N. S., Pa. 

Upper Union Mills Pittsburgh, Pa. 

Lower Union Mills Pittsburgh, Pa. 

Upper Union Mills Youngstown, O. 

Lower Union Mills Youngstown, O. 

FORGE AND WHEEL WORKS 

Howard Axle Works Homestead, Pa. 

Schoen Steel Wheel Works McKees Rocks, Pa. 

WAREHOUSES 

Baltimore Warehouse Baltimore, Md. 

Cleveland Warehouse Cleveland, O. 

New England Warehouse Allston, Mass. 

Pittsburgh Warehouse Pittsburgh, Pa. 

Waverly Warehouses Newark, N. J. 
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nKNER.\L OFFICES: 

lM>!TKirT OFFldS: 

Btcvwd-Matx BiLu^Lmg, 
12C' Franidin StreeL, 
Mtfiz»r Trusi Comp&iij Buflding, 

Olnc«|i!i6« aos South La Salie SrxtKa. 

CiMnami rninn Trusr^ Buildiiig. 

Ok-vcibtiid. Tlcv^mdlcr BuOdizig. 

TVoTvctr. Tn^i Xatiansil Bank BuHdin^ 

IVtmit. Forr: Buildini;. 

Nr«- ^WiiMiii. IVIaismi BlaniOK;, 

Nt^Yinrk. Tlnrtsnr. Tfrrminal. 3(' Church "Rtj-Kpn.. 

T^iliuli^lfihia. Widennr Buiidini:. 

T^fll!i«hin)*li. v^ijiTngnt Building. 

^i. A«oai& ThiTf; 'Natmnji' BanL Buiidii^, 

^. TNial ThoTipPT Buildinp 









X 






'A- ' 






A«.. 



p 



^ • 



i^ 



I 



I 



r 



1 



i: 



J r- J' J 



